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ABSTRACT
CHEMICAL STUDIES ON THE TOXINS OF THE MARINE DINOFLAGELLATE 
GONYAULAX TAMARENSIS AND THEIR ANALYSIS BY 
THIN-LAYER CHROMATOGRAPHY -  FLUOROMETRY
by
LAWRENCE J .  BUCKLEY
R e c e n t  o u t b r e a k s  o f  p a r a l y t i c  s h e l l f i s h  p o i s o n i n g  (PSP)  i n  
p r e v i o u s l y  u n a f f e c t e d  c o a s t a l  a r e a s  o f  New E n g l a n d  h ave  g e n e r a t e d  
r e n ew ed  i n t e r e s t  i n  t h e  phenomenon commonly r e f e r r e d  t o  a s  a " r e d  t i d e " .  
At  t h e  i n i t i a t i o n  o f  t h i s  w o r k ,  none o f  t h e  t o x i n s  p r o d u c e d  by G o n y a u l a x  
t a m a r e n s i s  had b e e n  i s o l a t e d  o r  i d e n t i f i e d .  The m a j o r  o b j e c t i v e s  o f  
t h i s  s t u d y  w e re  t o  i s o l a t e  an d  c h a r a c t e r i z e  t h e  p o i s o n s  from c l a m s  
( Mya a r e n a r i a ) a n d  t o  d e v e l o p  a r a p i d  met hod  f o r  d e t e r m i n i n g  t h e  l e v e l  
o f  p o i s o n  p r e s e n t  i n  s h e l l f i s h .  A l s o ,  a s i m p l e  method f o r  e v a l u a t i n g  
f r a c t i o n s  o b t a i n e d  d u r i n g  t h e  i s o l a t i o n  o f  t o x i c  c o m p o n e n t s  was s o u g h t .
T h r e e  t o x i n s  h av e  been  p u r i f i e d  f rom s o f t  s h e l l  c l a m s  (Mya 
a r e n a r i a ) w h ich  had become h i g h l y  t o x i c  d u r i n g  t h e  G o n y a u l a x  t a m a r e n s i s  
r e d  t i d e  w h ich  a f f e c t e d  t h e  c e n t r a l  New E n g l a n d  c o a s t  i n  S e p t e m b e r  
1 9 7 2 .  The t o x i n s  w e r e  e x t r a c t e d  f rom  t h e  c l a m s  w i t h  d i l u t e  a c i d i c  
e t h a n o l  an d  i s o l a t e d  by c h r o m a t o g r a p h y  on weak a c i d  c a t i o n  e x c h a n g e  
r e s i n  co lu m n s  an d  on g e l  f i l t r a t i o n  r e s i n s .  A m i n o r  t o x i n ,  p u r i f i e d  
t o  a p o t e n c y  o f  2 , 8 0 0  Mouse U n i t s  (MU) p e r  mg was shown t o  be i d e n ­
t i c a l  t o  s a x i t o x i n  (STX) i n  i t s  t h i n - l a y e r  c h r o m a t o g r a p h i c  b e h a v i o r ,  
i t s  c o l o r  r e a c t i o n s  w i t h  v a r i o u s  c h r o m a t o g r a p h i c  s p r a y  r e a g e n t s ,  
an d  i t s  e f f e c t s  on m i c e .  Two v e r y  s i m i l a r  t o x i n s ,  m a j o r  t o x i n  H and
m a j o r  t o x i n  L ,  we re  p u r i f i e d  t o  a p o t e n c y  o f  1 , 8 0 0  an d  4 , 2 0 0  MU p e r  mg
r e s p e c t i v e l y .  B o th  o f  t h e s e  t o x i n s  b e h a v e d  d i f f e r e n t l y  f r om  s a x i t o x i n
on weak c a t i o n  e x c h a n g e  r e s i n  c o l u m n s ,  t h i n - l a y e r  c h r o m a t o g r a p h y ,  and 
i n  t h e i r  c o l o r  r e a c t i o n s  w i t h  v a r i o u s  s p r a y  r e a g e n t s .  The e f f e c t s  o f  
m a j o r  t o x i n s  H an d  L on mice  we re  i n d i s t i n g u i s h a b l e  f r o m  e i t h e r  s a x i ­
t o x i n  o r  t h e  m i n o r  t o x i n .
A l l  o f  t h e  G. t a m a r e n s i s  p o i s o n s  w e re  w h i t e  h y g r o s c o p i c ,  
a m o rp h o u s  s o l i d s ;  s o l u b l e  i n  w a t e r  and l o w e r  a l c o h o l s  an d  i n s o l u b l e  
i n  l i p i d  s o l v e n t s .  L i k e  s a x i t o x i n ,  none o f  t h e  G. t a m a r e n s i s  t o x i n s  
showed an y  v i s i b l e  o r  u l t r a - v i o l e t  a b s o r p t i o n  a b o v e  2 2 0  nm.
A new i n  s i t u  t h i n - l a y e r  c h r o m a t o g r a p h i c  ( T L C ) - f l u o r o m e t r i c  
me thod  f o r  t h e  d e t e c t i o n  an d  q u a n t i t a t i o n  o f  t h e  p a r a l y t i c  s h e l l f i s h  
p o i s o n s  h a s  been  d e v e l o p e d .  T h i s  a s s a y  i n v o l v e s  s e p a r a t i o n  o f  t h e  
p o i s o n s  by TLC, f o l l o w e d  by r e a c t i o n  o f  t h e  p o i s o n s  on t h e  TLC p l a t e  
w i t h  17o h y d r o g e n  p e r o x i d e  a t  10 0° C.  As l i t t l e  a s  40 ng ( 0 / 2  MU,
0 . 1  nM) o f  s a x i t o x i n  c a n  be q u a n t i t a t e d .  T h i s  a s s a y  p r o v i d e s  a 
means  o f  d i s t i n g u i s h i n g  b e t w e e n  m a j o r  t o x i n  H, m a j o r  t o x i n  L and 
s a x i t o x i n  ( m i n o r  t o x i n ) ,  q u a n t i t a t i n g  e a c h  t o x i n  i n d i v i d u a l l y  i n  a 
m i x t u r e  and e s t i m a t i n g  t h e i r  com bined  p o t e n c y .  The i n  s i t u  TLC- 
f l u o r o m e t r i c  a s s a y  a l s o  s u g g e s t e d  t h a t  t h e  l e s s  b a s i c  t o x i n s  p r e s e n t  
i n  c l a m s  e x p o s e d  t o  G_. t a m a r e n s i s  may b re akdow n  t o  g i v e  s a x i t o x i n  
an d  t h a t  m a j o r  t o x i n  L c a n  be c o n v e r t e d  t o  m a j o r  t o x i n  H, t h u s  i n ­
d i c a t i n g  a s i m i l a r i t y  i n  c h e m i c a l  s t r u c t u r e  b e tw e en  t h e  t h r e e  
t o x i n s .
x i
INTRODUCTION
D i n o f l a g e l l a t e s  make up a n  i m p o r t a n t  p a r t  o f  t h e  m a r i n e  
p l a n k t o n .  In  m os t  a r e a s  o f  t h e  o c e a n  t h e y  a r e  s e c o n d  o n l y  t o  t h e  
d i a t o m s  i n  a b u n d a n c e  an d  a s  p r i m a r y  p r o d u c e r s  o f  o r g a n i c  m a t t e r .
I n  t r o p i c a l  an d  s u b t r o p i c a l  w a t e r s  d i n o f l a g e l l a t e s  n o r m a l l y  o u t n u m b e r  
t h e  d i a t o m s  ( l ) .  D i n o f l a g e l l a t e s  a r e  fo u n d  i n  f r e s h ,  b r a c k i s h  an d  
s a l t  w a t e r .  They a r e  s i n g l e  c e l l e d  o r g a n i s m s  r a n g i n g  i n  s i z e  f rom 
1 t o  2 mm u s u a l l y  e q u i p p e d  w i t h  tw o  f l a g e l l a . A few s p e c i e s  fo rm  
l i n e a r  c o l o n i e s  c o n s i s t i n g  o f  a few c e l l s  j o i n e d  i n  t a n d e m .  Bo th  
n ak e d  an d  a r m o r e d  s p e c i e s  e x i s t .  Armored d i n o f l a g e l l a t e s  a r e  c o v e r e d  
w i t h  h a r d  p l a t e s  o f  p o l y s a c c h a r i d e  m a t e r i a l .  The n u t r i t i o n  o f  d i n o ­
f l a g e l l a t e s  i s  v a r i e d .  Some c o n t a i n  p h o t o s y n t h e t i c  p i g m e n t s  and 
f e e d  h o l o p h y t i e a l l y , l i x i n g  c a r b o n  d i o x i d e  i n  t h e  w a t e r  i n  t h e  p r e s ­
e n c e  o f  s u n l i g h t .  O t h e r s  f e e d  h o l o z o i c a l l y , c o n s u m in g  o t h e r  o r g a n i s m s  
s u c h  a s  d i a t o m s ,  f l a g e l l a t e s  an d  o t h e r  d i n o f l a g e l l a t e s  ( 2 ) .  Even t h e  
p h o t o s y n t h e t i c  d i n o f l a g e l l a t e s  may r e q u i r e  c e r t a i n  c o m p le x  o r g a n i c  
co m p o u n d s ,  s u c h  a s ,  t h i a m i n e ,  b i o t i n ,  V i t a m i n  B^ 2  ( 3 )  an d  humic  a n d  
f u l v i c  a c i d s  ( 4 )  f o r  g r o w t h  and  r e p r o d u c t i o n .  Wood ( l )  made t h e  
g e n e r a l i z a t i o n  t h a t  "On t h e  w h o l e ,  t h e  o c e a n i c  a n d  p l a n k t o n i c  d i n o ­
f l a g e l l a t e s  t e n d  t o  be h o l o z o i c ,  and  t h e  n e r i t i c  f o r m s  h o l o p h y t i c  o r  
f a c u l t a t i v e l y  s o . . . " .  B e c a u s e  t h e y  p o s s e s s  a t t r i b u t e s  o f  b o t h  p l a n t s  
an d  a n i m a l s ,  t h e  d i n o f l a g e l l a t e s  h a v e  b e e n  c l a s s i f i e d  a t  d i f f e r e n t  
t i m e s  a s  P r o t o z o a ,  a l g a e  a n d  P r o t i s t a .  H a l s t e a d  ( 5 )  s u g g e s t s  t h e  
t e r m  " p l a n t - a n i r n a l s "  u s e d  by H u n t e r .
The a b u n d a n c e  a n d  s e a s o n a l  d i s t r i b u t i o n  o f  t h e  d i n o f l a g e l l a t e s ,  
l i k e  t h e  d i a t o m s ,  a r e  e f f e c t e d  by an  a n n u a l  c y c l e  o f  e v e n t s  r e l a t e d  t o
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2t e m p e r a t u r e ,  s a l i n i t y ,  l i g h t ,  n u t r i e n t  and c u r r e n t  r e g i m e s  ( 4 ) .  
O c c a s i o n a l l y ,  f o r  r e a s o n s  n o t  f u l l y  u n d e r s t o o d ,  t h e  r a t e  o f  r e p r o d u c  
t i o n  o f  a p a r t i c u l a r  d i n o f l a g e l l a t e  may i n c r e a s e  r a p i d l y  an d  t h e  o r ­
g a n i s m  may r e a c h  c o n c e n t r a t i o n s  a s  h i g h  a s  5 0 , 0 0 0  c e l l s  p e r  ml ( .1).
T h e s e  s p e c t a c u l a r  o u t b u r s t s  o r  b loom s  o f  p h y t o p l a n k t o n  p r o d u c t i o n  a r e  
u s u a l l y  m o n o g e n e r i c  o r  m o n o s p e c i f i c  ( 1 ) .  At c o n c e n t r a t i o n s  a b o v e  2 0 , 0 0 0  
c e l l s  p e r  m l ,  t h e  w a t e r  may a p p e a r  r e d ,  y e l l o w ,  o r a n g e  o r  g r e e n  d e p e n d ­
i n g  upon  t h e  s p e c i e s  r e s p o n s i b l e .  T h i s  c o n d i t i o n ,  r e g a r d l e s s  o f  c o l o r ,  
i s  o f t e n  r e f e r r e d  t o  a s  a " r e d  t i d e " .  O t h e r  o r g a n i s m s  a s s o c i a t e d  w i t h  
" r e d  t i d e s "  a r e  d i a t o m s  and  s m a l l e r  f l a g e l l a t e s ,  A bloom u s u a l l y  
r e a c h e s  i t s  p ea k  w i t h i n  2 t o  3 weeks  and  v a n i s h e s  w i t h i n  a n o t h e r  week 
o r  t w o .  In  a d v e r s e  e n v i r o n m e n t a l  c o n d i t i o n s  some d i n o f l a g e l l a t e s  e n c y s t  
an d  s e t t l e  o u t  o f  t h e  w a t e r  c o l u m n .  T h e s e  d o r m a n t  fo rms  may s e r v e  a s  
s e e d  p o p u l a t i o n s  f o r  f u t u r e  b l o o m s .  A nu mber  o f  m a r i n e  d i n o f l a g e l l a t e s  
h a v e  b ee n  fo u n d  t o  p r o d u c e  t o x i c  m e t a b o l i t e s .  Blooms o f  c e r t a i n  o f  t h e s e  
o r g a n i s m s  h a v e  b e e n  a s s o c i a t e d  w i t h  t h e  m o r t a l i t y  o f  f i s h  an d  o t h e r  
a n i m a l s ,  e . g . ,  Gymnodinium b r e v e  i n  t h e  G u l f  o f  M ex ico  ( 6 ) .
P a r a l y t i c  S h e l l f i s h  P o i s o n i n g  (PSP)
PSP i s  a s e v e r e  form o f  food i n t o x i c a t i o n  w h ich  o c c u r s  i n  
w i d e l y  s c a t t e r e d  a r e a s  o f  t h e  w o r l d  ( 5 ) .  Symptoms a p p e a r  w i t h i n  a n  
h o u r  a f t e r  c o n s u m p t i o n  o f  c o n t a m i n a t e d  s h e l l f i s h .  P r e l i m i n a r y  i n d i ­
c a t i o n s  o f  p o i s o n i n g ,  s u c h  a s  a t i n g l i n g  s e n s a t i o n  i n  t i i e  l i p s  and 
t o n g u e ,  may o c c u r  w i t h i n  a few m i n u t e s ,  f o l l o w e d  by a f e e l i n g  o f  numb­
n e s s  i n  t h e  l e g s ,  a rms  an d  n e c k .  In  s e v e r e  c a s e s ,  f a i l u r e  o f  m u s c l e  
c o o r d i n a t i o n  i s  u s u a l l y  a c c o m p a n i e d  by a f e e l i n g  o f  l i g h t n e s s .  Prom­
i n e n t  symptoms a r e  l o s s  o f  v o i c e ,  i n c o h e r e n c e  o f  s p e e c h  a n d  c o n s t r i c ­
t i v e  s e n s a t i o n s  i n  t h e  t h r o a t .  O t h e r  symptoms w h ich  may a l s o  be
p r e s e n t  a r e  w e a k n e s s ,  d i z z i n e s s ,  m u s c u l a r  p a i n ,  p r o s t r a t i o n ,  h e a d a c h e ,  
s a l i v a t i o n ,  r a p i d  p u l s e  ( 8 0 - 1 0 0  p e r  m i n . ) ,  i n t e n s e  t h i r s t ,  d i f f i c u l t y  
i n  s w a l l o w i n g ,  p e r s p i r a t i o n ,  a n u r i a  a n d  a v a g u e  f e e l i n g  o f  d i s c o m f o r t .  
G a s t r o i n t e s t i n a l  symptoms i n c l u d i n g  n a u s e a ,  v o m i t i n g ,  d i a r r h e a  an d  a b ­
d o m in a l  p a i n  a r e  l e s s  common ( 5 )  e x c e p t  i n  A t l a n t i c  C o a s t  c a s e s  ( 7 ) .  
P a t i e n t s  g e n e r a l l y  r e m a i n  c o n s c i o u s .  M u s c u l a r  t w i t c h i n g  an d  c o n v u l ­
s i o n s  a r e  r a r e .  I n  f a t a l  c a s e s ,  d e a t h  g e n e r a l l y  o c c u r s  w i t h i n  a 
p e r i o d  o f  2 t o  12 h o u r s  a s  a r e s u l t  o f  r e s p i r a t o r y  p a r a l y s i s .  I f  a 
p e r s o n  s u r v i v e s  f o r  24 h o u r s ,  he w i l l  u s u a l l y  r e c o v e r  s n o w i n g  no 
l a s t i n g  e f f e c t s .  T h e r e  i s  no s p e c i f i c  a n t i d o t e  f o r  PSP. Drug t h e r ­
ap y  t ias  b e e n  u s e d  w i t h  v a r y i n g  d e g r e e s  o f  s u c c e s s .  A r t i f i c i a l  r e s p i r ­
a t i o n  h a s  b e e n  t h e  m os t  s u c c e s s f u l  t r e a t m e n t .
T o x i c  s h e l l f i s h  a r e  found s p o r a d i c a l l y  i n  many a r e a s  o f  t h e  
w o r l d .  The p r o b l e m  i s  more o r  l e s s  p e r s i s t e n t  i n  c e r t a i n  a r e a s ,  
i n c l u d i n g  t h e  P a c i f i c  c o a s t  o f  N o r t h  A m e r i c a ,  t h e  Bay o f  F u n d y ,  t h e  
N o r t h  S e a ,  t h e  E n g l i s h  C h a n n e l  an d  p o r t i o n s  o f  S o u t h  A f r i c a  ( 8 ) .
The s p o r a d i c  o c c u r r e n c e  o f  PSP l e d  t o  much e a r l y  s p e c u l a t i o n  a b o u t  
t h e  o r i g i n  o f  t h e  p o i s o n .  C o p p e r  s a l t s  p r e s e n t  i n  s e a  w a t e r ,  p u r i f i ­
c a t i o n  o r  d i s e a s e s  o f  t h e  s h e l l f i s h  an d  c o n t a m i n a t e d  w a t e r  w e re  some o f  
t h e  p o s s i b i l i t i e s  p r o p o s e d  ( 5 ) .  The c a u s a t i v e  a g e n t  f o r  m u s s e l  p o i s o n ­
ing  a l o n g  t h e  P a c i f i c  c o a s t  o f  N o r t h  A m e r ic a  was f i n a l l y  d e m o n s t r a t e d  
i n  1937 by Sommer an d  Meyer an d  c o - w o r k e r s  a t  t h e  U n i v e r s i t y  o f  
C a l i f o r n i a  ( 9 ,  1 0 ) .  T h e s e  w o r k e r s  f o u n d :  1)  t h e r e  was  a c l o s e  c o r ­
r e l a t i o n  b e t w e e n  t h e  c o n c e n t r a t i o n  o f  G o n y a u l a x  c a t e n e l l a  i n  t h e  w a t e r  
a r o u n d  t h e  m u s s e l  b e d s  and  t h e  t o x i c  l e v e l s  o f  s h e l l f i s h ;  2 ) n o n - t o x i c  
m u s s e l s  became p o i s o n o u s  when p l a c e d  in  w a t e r  c o n t a i n i n g  G. c a t e n e l l a ; 
an d  3)  a q u e o u s  e x t r a c t s  o f  t h i s  p l a n k t o n  o r g a n i s m  p r o d u c e d  e f f e c t s
4s i m i l a r  t o  PSP i n  m i c e .  F o l l o w i n g  t h e  i n i t i a l  d e m o n s t r a t i o n  o f  t h e  
r e l a t i o n s h i p  b e t w e e n  G_. c a t e n e l l a , a n  a r m o r e d  d i n o f l a g e l l a t e ,  and  PSP 
i n  C a l i f o r n i a ,  s e v e r a l  o t h e r  d i n o f l a g e l l a t e s  w e re  i m p l i c a t e d  i n  o u t ­
b r e a k s  o f  PSP i n  o t h e r  a r e a s  o f  t h e  w o r l d .  T h e s e  i n c l u d e d  P y r o d i n i u m  
p h o n e u s  a l o n g  t h e  B e lg ium  C o a s t ,  G o n y a u l a x  t a m a r e n s i s  i n  t h e  N o r t h  Sea 
a n d  a l o n g  t h e  n o r t h e a s t  A t l a n t i c  c o a s t s  o f  N o r t h  A m er ic a  an d  England^,  
G o n y a u l a x  a c a t e n e l l a  a l o n g  t h e  c o a s t  o f  B r i t i s h  C o l u m b i a .
The r a t e  o f  t o x i n  a c c u m u l a t i o n  o r  l o s s  by s h e l l f i s h  d e p e n d s  
upon t h e  c o n c e n t r a t i o n  o f  t h e  t o x i c  d i n o f l a g e l l a t e ,  t h e  b i v a l v e  s p e c i e s  
e x p o s e d  and i t s  e f f i c i e n c y  i n  f i l t e r i n g .  The a n a t o m i c a l  d i s t r i b u t i o n  
r f  p o i s o n  i n  s h e l l f i s h  i s  n o t  u n i f o r m .  The p o i s o n  i s  g e n e r a l l y  fo u n d  
c o n c e n t r a t e d  i n  d i f f e r e n t  o r g a n s  d e p e n d i n g  on t h e  s p e c i e s  an d  t i m e  o f  
y e a r .  M u s s e l s  ( M y t i l u s  c a l i f o r n i a n u s ) a c c u m u l a t e  t h e  p o i s o n  more 
q u i c k l y  t h a n  o t h e r  s h e l l f i s h  an d  h a v e  b e e n  o b s e r v e d  t o  become t o o  
t o x i c  f o r  human c o n s u m p t i o n  when a s  few a s  2 0 0  G^ . c a t e n e l l a  c e l l s  
w e re  fo u n d  p e r  ml o f  w a t e r  ( 1 1 ) .  M u s s e l s  a p p e a r  t o  h av e  a m echan i sm  
f o r  b i n d i n g  t h e  p o i s o n  i n  t h e  d a r k  g l a n d  ( h e p a t o p a n c r e a s )  a n d  g r a d u a l l y  
d e s t r o y i n g  o r  e x c r e t i n g  t h e  bound  p o i s o n  s o  t h a t ,  s h o r t l y  a f t e r  t h e  
b loom s u b s i d e s ,  t h e y  a r e  s a f e  a g a i n  f o r  human c o n s u m p t i o n .  S o f t - s h e l l  
c l a m s  ( Mya a r e n a r i a ) c o n c e n t r a t e  t h e  p o i s o n  q u i t e  r a p i d l y  when e x p o s e d  
t o  G_. t a m a r e n s i s . I n  summer ,  when t h e  s o f t - s h e l l e d  c l a m s  a r e  e x p o s e d  
t o  t h e  t o x i c  d i n o f l a g e l l a t e ,  t h e  m a j o r i t y  o f  t h e  p o i s o n  i s  f o u n d  i n  
t h e  d i g e s t i v e  g l a n d  and l e s s e r  a m o u n t s  i n  t h e  g i l l s  an d  g o n a d s .  I n  
a u t u m n ,  t h e  g i l l s  c o n t a i n  a b o u t  t h e  same l e v e l  o f  p o i s o n  a s  i n  t h e  
summer ,  b u t  t h e  m a j o r i t y  o f  p o i s o n  i s  g o n e  f r o m  t h e  d i g e s t i v e  g l a n d  
( 4 ) .  In  c o n t r a s t  t o  many b i v a l v e s  t h a t  r e l e a s e  PSP w i t h i n  a few 
weeks  f o l l o w i n g  a t o x i c  d i n o f l a g e l l a t e  b lo o m ,  A l a s k a  b u t t e r  c l a m s
5( S ax id o m u s  g i g a n t e u s ) may r e t a i n  t h e  p o i s o n  f o r  a t  l e a s t  tw o  y e a r s  
( 1 2 ,  3 ,  1 3 ) .  T h i s  p r o p e r t y  o f  b u t t e r  c l a m s  made th em  a r e a d i l y  a v a i l ­
a b l e  an d  t h e r e f o r e  i m p o r t a n t  s o u r c e  o f  p o i s o n  f o r  s t u d i e s  on PSP. The 
p o i s o n  a p p a r e n t l y  moves f r o m  t h e  h e p a t o p a n c r e a s  t o  t h e  s i p h o n ,  w he re  
i t  i s  s t o r e d .  The d i s t r i b u t i o n  o f  p o i s o n  in  t h e  s i p h o n  a p p e a r s  t o  
c o r r e s p o n d  t o  t h e  a r e a s  o f  m e l a n i n  p i g m e n t a t i o n .  P r i c e  an d  Lee ( 1 3 ,
1 4 ,  1 5 )  d e m o n s t r a t e d  an  i n t e r a c t i o n  b e t w e e n  PSP an d  n a t u r a l  an d  s y n ­
t h e t i c  m e l a n i n  i n  v i t r o  w h ic h  was r e v e r s i b l e  an d  e l e c t r o s t a t i c  i n  
n a t u r e ,  c l o s e l y  r e s e m b l i n g  t h e  i n t e r a c t i o n  b e t w e e n  PSP an d  weak a c i d  
c a t i o n  e x c h a n g e  r e s i n s .  M e l a n i n ,  a m e t a b o l i t e  o f  t y r o s i n e ,  c o n t a i n s  
f r e e  c a r b o x y l  an d  p h e n o l i c  h y d r o x y l  g r o u p s  w h i c h  c o u l d  f u n c t i o n  a s  
c a t i o n  e x c h a n g e r s .  The o b s e r v e d  b i n d i n g  o f  PSP t o  m e l a n i n  was g r e a t ­
l y  i n f l u e n c e d  by pH and  c a t i o n  c o n c e n t r a t i o n .  T h e s e  a u t h o r s  h y p o t h e ­
s i z e d  t h a t  t h e  m e l a n i n  i n  b u t t e r  c l a m  s i p h o n s  may f u n c t i o n  a s  a p r o ­
t e c t i v e  m echa n i sm  f o r  t h e  c l a m .
A c o r r e l a t i o n  h a s  b e e n  o b s e r v e d  b e t w e e n  t h e  r e s i s t a n c e  o f  a 
p a r t i c u l a r  s p e c i e s  o f  s h e l l f i s h  t o  s a x i t o x i n  a n d  i t s  a b i l i t y  t o  ac cum u­
l a t e  t h e  p o i s o n .  F o r  e x a m p l e ,  t h e  o y s t e r  ( C r a s s o s t r e a  v i r g i n i c a ) ,  
w h ich  i s  r e l a t i v e l y  s e n s i t i v e  t o  s a x i t o x i n ,  i s  a b l e  t o  a c c u m u l a t e  o n l y  
v e r y  low l e v e l s  o f  p o i s o n ,  w h i l e  t h e  m u s s e l  ( M y t i l u s  e d u l i s ) w h ic h  i s  
r e s i s t a n t  t o  s a x i t o x i n  c o n c e n t r a t e s  h i g h  l e v e l s  o f  p o i s o n  ( 1 6 ) .
D e t e c t i o n  an d  Q u a n t i t a t i o n  o f  PSP
B i v a l v e s  f r o m  a r e a s  o f  t h e  w o r l d  a f f e c t e d  by o u t b r e a k s  o f  
PSP m us t  be c o n t i n u a l l y  m o n i t o r e d  f o r  t h e  p r e s e n c e  o f  p o i s o n .  S i n c e  
many e d i b l e  s p e c i e s  a r e  r e l a t i v e l y  u n a f f e c t e d  by t h e  p o i s o n  , t h e r e  
i s  no v i s i b l e  d i f f e r e n c e  b e t w e e n  s a f e  an d  h i g h l y  p o i s o n o u s  o r g a n i s m s .
6T h r e e  g e n e r a l  t y p e s  o f  a s s a y s  h a v e  b e e n  u s e d  f o r  t h i s  p u r p o s e :  1)
s e r o l o g i c a l  a s s a y s ,  2)  c h e m i c a l  a s s a y s  and  3)  b i o l o g i c a l  a s s a y s .  Of 
t h e  t h r e e ,  o n l y  t h e  mouse b i o a s s a y  h a s  g a i n e d  w id e  u s e .
J o h n s o n  e t  a_l. ( 1 7 )  d e s c r i b e d  t h e  p r e p a r a t i o n  o f  P S P - p r o t e i n  
c o n j u g a t e s  w i t h  h a p t e n i c  p r o p e r t i e s  by f o r m a l d e h y d e  c o n d e n s a t i o n ,  an d 
p r o d u c t i o n  o f  a n t i s e r a  t o  PSP i n  r a b b i t s .  The P S P - p r o t e i n  c o n j u g a t e  
was a b s o r b e d  t o  e i t h e r  t a n n e d  s h e e p  b l o o d  c e l l s  f o r  u s e  i n  a hae mag-  
g l u t i n a t i o n  i n h i b i t i o n  t e s t  f o r  PSP o r  t o  b e n t o n i t e  p a r t i c l e s  f o r  u s e  
i n  a b e n t o n i t e  f l o c c u l a t i o n  i n h i b i t i o n  t e s t  f o r  PSP ( 1 8 ) .  The hae m a g -  
g l u t i n a t i o n  i n h i b i t i o n  t e s t  f o r  PSP was  c o n s i d e r a b l y  more s e n s i t i v e  
t h a n  t h e  mouse t e s t  b u t  t h e  b l o o d  c e l l  p r e p a r a t i o n  was v e r y  u n s t a b l e .  
The b e n t o n i t e  p r e p a r a t i o n  had a c o n s i d e r a b l y  l o n g e r  s h e l f  l i f e  b u t  
t h e  b e n t o n i t e  f l o c c u l a t i o n  i n h i b i t i o n  t e s t  f o r  PSP was o n l y  a b o u t  a s  
s e n s i t i v e  a s  t h e  mouse t e s t .  A l t h o u g h  b o t h  o f  t h e s e  s e r o l o g i c a l  t e s t s  
a r e  v e r y  s p e c i f i c  f o r  PSP, t h e y  h a v e  n o t  b e e n  w i d e l y  u s e d  s i n c e  r e a g e n t  
p r e p a r a t i o n  an d  t e s t  p r o c e d u r e s  a r e  co m p lex  a n d  t i m e - c o n s u m i n g .
M c F a r r e n  et_ al_. ( 1 9 )  d e s c r i b e d  a c o l o r i m e t r i c  t e s t  f o r  t h e  
d e t e r m i n a t i o n  o f  PSP. The t e s t  i n v o l v e d  e x t r a c t i o n  o f  t h e  p o i s o n  f rom  
s h e l l f i s h  m ea t  w i t h  t r i c h l o r o a c e t i c  a c i d ,  s e l e c t i v e  a d s o r p t i o n  an d  e l u ­
t i o n  o f  t h e  p o i s o n  on  a c a t i o n  e x c h a n g e  r e s i n  ( A m b e r l i t e  XE-64)  an d  
r e a c t i o n  o f  t h e  e l u a t e  w i t h  p i c r i c  a c i d  ( J a f f e  T e s t ) .  L a t e r  a n  a d d i t ­
i o n a l  s t e p  was a d d e d  i n v o l v i n g  e x t r a c t i o n  o f  t h e  u n r e a c t e d  p i c r i c  a c i d  
a f t e r  c o l o r  d e v e l o p m e n t  w i t h  25% p y r i d i n e  i n  e t h y l  a c e t a t e  ( 2 0 ) .  The 
co lu m n  d i d  n o t  c o m p l e t e l y  remove s u b s t a n c e s  w h ich  i n t e r f e r e  w i t h  t h e  
J a f f e  T e s t ,  and t h e  a g e  an d  s t a t e  o f  d e c o m p o s i t i o n  o f  t h e  s h e l l f i s h  
a f f e c t e d  t e s t  r e s u l t s .  T h i s  m o d i f i e d  J a f f e  T e s t  i s  n o t  i n  w ide  u s e  
s i n c e  i t  i s  c o m p l e x ,  t i m e - c o n s u m i n g  an d  l e s s  s e n s i t i v e  t h a n  t h e  mouse 
t e s t .
7Neve ( 2 1 )  r e p o r t e d  a c h e m i c a l  a s s a y  i n v o l v i n g  t h e  c o u p l i n g  o f  
s a x i t o x i n  w i t h  l - f l u o r o - 2 , 4 - d i n i t r o b e n z e n e . T h i s  p r o c e d u r e  i s  r e l a ­
t i v e l y  n o n s p e c i f i c  an d  l e s s  s e n s i t i v e  t h a n  t h e  mouse t e s t .
B a t e s  an d  R a p o p o r t  ( 2 2 )  r e c e n t l y  d e s c r i b e d  a c h e m i c a l  a s s a y  
f o r  s a x i t o x i n  i n v o l v i n g  a l k a l i n e  h y d r o g e n  p e r o x i d e  o x i d a t i o n  o f  t h e  
p o i s o n  t o  8 - am i  n o - 6 - h y d r o x y m e t h y  1 - 2 - i m i n o p u r i n e - 3 ( 2 H ) - p r o p i o n i c  a c i d  
( F i g .  1 ,  s t r u c t u r e  4 )  an d  d e t e r m i n a t i o n  o f  i t s  f l u o r e s c e n c e  in  s o l u ­
t i o n  a t  pH 5 .  S a x i t o x i n  was e x t r a c t e d  f r o m  g ro u n d  s h e l l f i s h  m ea t  w i t h  
0 .5M t r i c h l o r o a c e t i c  a c i d  an d  a d s o r b e d  o n t o  a weak a c i d  c a t i o n  e x c h a n g e  
r e s i n  ( B i o - R e x  7 0 ) .  The c o lu m n  was t h e n  e l u t e d  w i t h  pH 5 a c e t a t e  b u f ­
f e r ,  w a t e r  and  f i n a l l y  0.5M HC1. The 0.5M HC1 e l u a t e  w h ic h  c o n t a i n s  
t h e  p o i s o n  was d i v i d e d  i n t o  two p o r t i o n s .  One p o r t i o n  was r e a c t e d  
w i t h  H2 O2 a t  2 0 ° C ;  t h e  o t h e r  was u s e d  a s  a b l a n k .  T h i s  c h e m i c a l  
a s s a y  i s  c a p a b l e  o f  d e t e r m i n i n g  a s  l i t t l e  a s  , 003 ug o f  s a x i t o x i n  p e r  
g o f  s h e l l f i s h .
B i o a s s a y s  f o r  PSP u s i n g  a w id e  r a n g e  o f  t e s t  o r g a n i s m s ,  i n c l u ­
d i n g  r a b b i t s ,  f r o g s ,  m i c e ,  r a t s ,  k i t t e n s ,  G u i n e a  p i g s ,  d o g s ,  f i s h  
a n d  s e a  u r c h i n s ,  h a v e  b e e n  r e p o r t e d  ( 5 ) .  Of  t h e s e ,  o n l y  t h e  mouse 
t e s t ,  f i r s t  em p lo y ed  by Sommer an d  Meyer  i n  1 9 3 7 ,  i s  i n  g e n e r a l  u s e .
The mouse t e s t  i n v o l v e s  e x t r a c t i o n  o f  t h e  p o i s o n  f rom  s h e l l f i s h  and 
i n t r a p e r i t o n e a l  i n j e c t i o n  o f  a p o r t i o n  o f  t h e  e x t r a c t  i n t o  m i c e .
The t i m e  f rom i n j e c t i o n  t o  t h e  l a s t  g a s p i n g  b r e a t h  i s  r e c o r d e d .  The 
mouse u n i t  (MU) i s  d e f i n e d  a s  t h e  amount  o f  t o x i n  r e q u i r e d  t o  k i l l  a 
20  g mouse i n  15 m i n u t e s .  The d o s e  i n  MU i s  e s t i m a t e d  f r o m  t h e  d e a t h  
t i m e  u s i n g  t h e  t a b l e s  o f  Sommer ( 5 ) .  S i n c e  t h e  mouse t e s t  was f i r s t  
r e p o r t e d ,  i t  h a s  b e e n  m o d i f i e d ,  s t a n d a r d i z e d  and i m p r o v e d .  Most  o f  
t h e s e  m o d i f i c a t i o n s  i n v o l v e d  t h e  p r e p a r a t i o n  o f  t h e  e x t r a c t .  U n t i l
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p u r i f i e d  p o i s o n  was a v a i l a b l e  f o r  s t a n d a r d i z a t i o n  o f  t h e  b i o a s s a y ,
r e s u l t s  f r o m  d i f f e r e n t  l a b o r a t o r i e s  d i f f e r e d  by a s  much a s  60-70% ( 2 3 ) .
P u r i f i e d  s a x i t o x i n  i s  now u s e d  t o  d e t e r m i n e  a c o n v e r s i o n  f a c t o r  ( C F ) ,
w h ich  i s  o b t a i n e d  by d i v i d i n g  t h e  number  o f  m i c r o g r a m s  o f  p o i s o n  i n
1 ml by t h e  number  o f  mouse u n i t s  i n  1 m l .  The CF v a r i e s  d e p e n d i n g
upo n  t h e  p a r t i c u l a r  t e c h n i q u e  and  s t r a i n  o f  m ice  u s e d .  The s c o r e  i n
mouse u n i t s  c a n  be c o n v e r t e d  t o  ug o f  p o i s o n  by m u l t i p l y i n g  by t h e
c o n v e r s i o n  f a c t o r .  S c o r e s  a r e  r e p o r t e d  a s  t h e  number  o f  ug o f  p o i s o n
-fi n  100 g o f  m e a t .  The s t a n d a r d  e r r o r  o f  t h e  mouse t e s t  i s  -20% o f  
t h e  mean ( 2 3 ) .  How ever ,  t h e  t o x i c i t y  o f  m a r g i n a l l y  t o x i c  c l a m s  ( 8 0  
u g / 1 0 0  g )  may be u n d e r e s t i m a t e d  by a s  much a s  60%. T h i s  may be a t  
l e a s t  p a r t i a l l y  e x p l a i n e d  by t h e  h i g h  s a l t  c o n c e n t r a t i o n  i n  u n d i l u t e d  
e x t r a c t s ,  s i n c e  i t  h a s  b e e n  shown t h a t  NaCl  r e d u c e s  t h e  r e c o v e r y  o f  
a d d e d  PSP by a s  much a s  69%. Sodium a c e t a t e  ( 0 . 0 1  M) a t  pH 4 . 0  h a s  
no a f f e c t  upon  b i o a s s a y  r e s u l t s  ( 2 3 ) .  The q u a r a n t i n e  l i m i t  h a s  b ee n  
s e t  a t  80 ug ( a b o u t  400 MU) o f  PSP p e r  100 g ra m s  o f  e d i b l e  p o r t i o n s  
o f  s h e l l f i s h  m e a t s  ( 2 4 ) .
C h e m i s t r y  o f  PSP 
C o u r v i ' l l e  i n  H a l s t e a d  ( 5 )  h a s  c o m p i l e d  t h e  most  c o m p l e t e  
r e v i e w  o f  t h e  e a r l y  work o n  t h e  c h e m i s t r y  o f  PSP. A mass  i n t o x i c a t i o n  
i n  W i l h e l m s h a v e n , G e rm an y ,  i n  1885 p r o m p t e d  t h e  f i r s t  s e r i o u s  a t t e m p t s  
t o  i s o l a t e  t h e  p o i s o n .  B r i e g e r  ( 2 5 )  r e p o r t e d  t h e  i s o l a t i o n  o f  a t o x i n  
f r om  m u s s e l s  a s  t h e  g o l d  s a l t  w h ich  he  c a l l e d  " m y t i l o t o x i n " . A s e r i e s  
o f  s e v e r e  o u t b r e a k s  o f  PSP a l o n g  t h e  C a l i f o r n i a  c o a s t  s t a r t i n g  i n  1927 
s u p p l i e d  Sommer an d  a s s o c i a t e s  a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a  w i t h  
t h e  i n i t i a t i v e  a n d  t h e  s o u r c e  o f  c r u d e  m a t e r i a l  n e c e s s a r y  f o r  a n  e x ­
t e n s i v e  s t u d y  o f  t h e  c h e m i c a l  n a t u r e  o f  t h e  p o i s o n .  M u l l e r  ( 2 6 )
w o r k i n g  w i t h  Sommer showed t h a t  t h e  t o x i n  i s o l a t e d  by B r i e g e r  ( 2 5 )  
was n o t  t h e  t o x i c  p r i n c i p l e  o f  PSP and  t u r n e d  t o  t h e  u s e  o f  i o n  
e x c h a n g e r s  and  a d s o r b a n t s  r a t h e r  t h a n  t h e  p r e c i p i t a t i o n  r e a c t i o n s  u s e d  
by e a r l i e r  w o r k e r s .  M u l l e r  ( 2 6 )  i s o l a t e d  a t o x i c  p r e p a r a t i o n  h a v i n g  
a n  a c t i v i t y  o f  a b o u t  500 MU/rng by a p r o c e d u r e  i n v o l v i n g :  1) e x t r a c ­
t i o n  w i t h  a c i d i f i e d  m e t h a n o l ;  2 ) f i l t r a t i o n  t h r o u g h  a c t i v a t e d  c a r b o n ;
3 )  a d s o r p t i o n  o n t o  p e r m u t i t  and  e l u t i o n  w i t h  p o t a s s i u m  c h l o r i d e ;
4)  e x t r a c t i o n  i n t o  m e t h a n o l ;  5)  p r e c i p i t a t i o n  w i t h  r u f i a r n ' c  a c i d ;  
an d  6 ) c o n v e r s i o n  t o  t h e  h y d r o c h l o r i d e .  The f a c t  t h a t  t h e  t o x i n  
bound t o  t h e  p e r m u t i t ,  w h ic h  o n l y  a d s o r b s  s t r o n g  b a s e s ,  g a v e  t h e  f i r s t -  
c l e a r  c u t  e v i d e n c e  t h a t  t h e  t o x i n  was a s t r o n g  b a s e .  The t o x i n  i s o ­
l a t e d  by t h i s  p r o c e d u r e  s t i l l  c o n t a i n e d  c o n s i d e r a b l e  am o u n t s  o f  i n o r ­
g a n i c  i m p u r i t i e s .  B e n d i e n  a n d  Sommer ( 2 7 ) ,  Sommer e t  a I . ( 2 8 ,  2 9 ) ,  
an d  R i e g e l  e_t al_. ( 3 0 )  i n v e s t i g a t e d  t h e  u s e  o f  a number  o f  o t h e r  i o n  
e x c h a n g e r s  and  a d s o r b a n t s ,  and s u c c e e d e d  i n  i s o l a t i n g  t o x i c  p r e p a r a t i o n s  
w i t h  s p e c i f i c  a c t i v i t i e s  a s  h i g h  a s  1 , 6 0 0  MU/mg. T h e i r  b a s i c  p r o c e d u r e  
i n v o l v e d :  1 ) e x t r a c t i o n  o f  t h e  t o x i c  m u s s e l  l i v e r s  w i t h  a c i d i f i e d  
e t h a n o l ;  2)  d e c o l o r i z a t i o n  w i t h  a c t i v e  c a r b o n ;  3)  e x t r a c t i o n  o f  
i n a c t i v e  m a t e r i a l  w i t h  e t h e r ;  4 )  c a t i o n  e x c h a n g e  c h r o m a t o g r a p h y  on 
b a r i u m  D e c a l s o  ( p e r m u t i t ) ;  an d  5 )  c h r o m a t o g r a p h y  on a c t i v e  c a r b o n  
( N o r i t  A) . Sommer et_ al_. ( 2 8 )  showed t h a t  t h e  t o x i c i t y  o f  t h e  p o i s o n
i n  a q u e o u s  s o l u t i o n  d e c r e a s e d  w i t h  a n  i n c r e a s e  i n  pH o r  t e m p e r a t u r e .  
R i e g e l  et_ a_l. ( 3 0 )  s t u d i e d  t h e  b a s e s  a c c o m p a n y i n g  t h e  p o i s o n  a f t e r  p r e ­
l i m i n a r y  p u r i f i c a t i o n  an d  w e re  a b l e  t o  i d e n t i f y  b e t a i n e ,  c h o l i n e ,  
h o m a r i n e ,  t a u r i n e  and  t y r o s i n e .  R i e g e l  e t  a l  ( 3 1 )  i s o l a t e d  a t o x i c  
p r e p a r a t i o n  h a v i n g  a s p e c i f i c  t o x i c i t y  o f  1 , 6 5 0  MU/mg from  s a m p l e s  
o f  m a r i n e  p l a n k t o n  r i c h  i n  G. c a t e n e l l a  c e n t r i f u g e d  f r o m  s e a  w a t e r
( o f f  t h e  C a l i f o r n i a  c o a s t )  i n  t h e  a r e a  o f  a r e d  t i d e .  C h o l i n e  and  
t r i m e t h y l a m i n e  w e r e  a l s o  i s o l a t e d .
S c h a n t z  e t  al_. ( 3 2 )  r e p o r t e d  a n  im p r o v e d  p r o c e d u r e  f o r  t h e  i s o ­
l a t i o n  o f  PSP t h a t  g a v e  a h i g h l y  p u r i f i e d  p o i s o n  w i t h  b e t t e r  y i e l d s  
t h a n  t h e  o l d e r  p r o c e d u r e s .  T o x i n  p r e p a r e d  by t h i s  p r o c e d u r e  had a 
s p e c i f i c  t o x i c i t y  o f  5 , 5 0 0  - 5 0 0  MU/mg an d  a s p e c i f i c  o p t i c a l  r o t a t i o n  
( C ° 0  ^ D )  o f  +130 - 5 ° .  S c h a n t z  ( 8 ) s u m m ar i ze d  t h e  r e s u l t s  o f  e a r l i e r  
work  by o t h e r  i n v e s t i g a t o r s  an d  t h e  r e s u l t s  f r om  c o o p e r a t i v e  s t u d i e s  
b e g i n n i n g  i n  1944 i n v o l v i n g  w o r k e r s  a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a ,  
N o r t h w e s t e r n  U n i v e r s i t y ,  t h e  U n i v e r s i t y  o f  I l l i n o i s ,  t h e  S q u i b b  I n s t i ­
t u t e  o f  M e d i c a l  R e s e a r c h  an d  t h e  C h em ica l  C o r p s  B i o l o g i c a l  L a b o r a t o r i e s  
a t  F o r t  D e t r i c k ,  M a r y l a n d .  The p r i n c i p a l  e v i d e n c e  f o r  t h e  p u r i t y  o f  t h e  
t o x i n  p r e p a r e d  by t h e  p r o c e d u r e  o f  S c h a n t z  e t  al_. ( 3 2 )  a s  p r e s e n t e d  by 
Mold e t  a l .  ( 3 3 )  was 1) t h e  b e h a v i o r  o f  t h e  p o i s o n  an d  i t s  d e r i v a t i v e s
»» ~r-n.rn n
upon c o u n t e r c u r r e n t  d i s t r i b u t i o n ;  2 ) t h e  p r e p a r a t i o n  o f  i d e n t i c a l  
m a t e r i a l  by s e v e r a l  d i v e r s e  p r o c e d u r e s ;  an d  3)  t h e  a b s e n c e  o f  a l l  
i m p u r i t i e s  known t o  be  p r e s e n t  i n  t h e  c r u d e  s t a r t i n g  e x t r a c t s .
The p r o c e d u r e  o f  S c h a n t z  et_ al_. ( 3 2 )  i n v o l v e d  t h e  f o l l o w i n g  s t e p s  
1 ) d i l u t e  a c i d i f i e d  e t h a n o l  e x t r a c t i o n  o f  g r o u n d  b i v a l v e  p a r t s  mixed 
w i t h  a f i l t e r  a i d  ( C e l i t e  5 4 5 ) ;  2 )  a d s o r p t i o n  o f  t h e  p o i s o n  f rom
t h e  c r u d e  e x t r a c t  on t h e  s o d i u m  fo rm  o f  A m b e r l i t e  IR C - 5 0 ,  a c a r b o x y l i c  
a c i d  r e s i n ,  f o l l o w e d  by a wash  w i t h  pH 4 a c e t a t e  b u f f e r  w h ic h  removed 
o v e r  99% o f  t h e  i n e r t  s o l i d s ,  i n  t u r n  f o l l o w e d  by f r a c t i o n a l  e l u t i o n  
o f  t h e  p o i s o n  w i t h  0.5M a c e t i c  a c i d ;  3)  c h r o m a t o g r a p h y  on t h e  a c i d  
fo r m  o f  A m b e r l i t e  XE-64;  4 )  c h r o m a t o g r a p h y  on a c i d - w a s h e d  a l u m i n a  i n
a b s o l u t e  e t h a n o l .  T h r e e  s o u r c e s  o f  p o i s o n  we re  u s e d  in  t h i s  s t u d y :  
l )  t h e  d i g e s t i v e  g l a n d s  ( h a p a t o p a n c r e a s )  o f  C a l i f o r n i a  m u s s e l s  ( M y t i l u s
g i g a n t e u s ) ;  a n d  3)  t h e  d i g e s t i v e  g l a n d s  o f  s c a l l o p s  ( P e c t e r  g r a n d i s ) 
f r o m  t h e  Bay o f  F u n d y .  The i s o l a t i o n  p r o c e d u r e  wo rked  e q u a l l y  w e l l  
f o r  t h e  p o i s o n  f ro m  e i t h e r  m u s s e l s  o r  c l a m s ,  b o t h  o f  w h i c h  w e re  t h o u g h t  
t o  h av e  a c q u i r e d  t h e  p o i s o n  f rom G^ . c a t e n e l l a  ( 3 4 ) .  As much a s  600 
p o u n d s  o f  s i p h o n s  f r om  8  t o n s  o f  c l a m s ,  y i e l d i n g  1 g ra m o f  p u r i f i e d  
p o i s o n ,  was u s e d  a s  s t a r t i n g  m a t e r i a l  f o r  t h e  p r o c e d u r e .  A t t e m p t s  
t o  i s o l a t e  t h e  p o i s o n  f r om  t o x i c  s c a l l o p s  w h ic h  a c q u i r e d  t h e  p o i s o n  
f rom G_. t a m a r e n s i s  ( 3 5 ,  3 6 ,  3 7 ,  38 )  f a i l e d  s i n c e ,  a l t h o u g h  t h e  p o i s o n  
was a d s o r b e d  o n t o  t h e  s o d i u m  A m b e r l i t e  r e s i n ,  i t  was e l u t e d  w i t h  t h e  
pH 4 a c e t a t e  b u f f e r  a l o n g  w i t h  t h e  b u l k  o f  t h e  i m p u r i t i e s .
With  m i n o r  m o d i f i c a t i o n ,  t h e  same p r o c e d u r e  was u s e d  t o  i s o ­
l a t e  t h e  p o i s o n  f rom  a x e n i c  c u l t u r e s  oF G.  c a t e n e l l a  ( 3 9 ,  4 0 ,  4 1 ) .
The b i o l o g i c a l ,  c h e m i c a l  an d  p h y s i c a l  p r o p e r t i e s  o f  t h e  c l a m ,  m u s s e l  
and  G. c a t e n e l l a  p o i s o n s  w e re  i d e n t i c a l ,  ( 3 2 ,  4 2 ,  4 0 ,  3 3 ,  8 , 4 3 ,  3 ,  39) 
i n d i c a t i n g  t h a t  t h e  d i n o f l . a g e l l . a t e  p r o d u c e s  t h e  p o i s o n  w h ic h  i s  a b s o r b e d  
by t h e  s h e l l f i s h  w i t h  no c h a n g e  i n  c h e m i c a l  s t r u c t u r e .  T h i s  t o x i n  was 
g i v e n  t h e  name s a x i t o x i n  (STX) by R a p o p o r t  ( 4 4 ) .  P o i s o n s  v e r y  s i m i l a r ,  
i f  n o t  i d e n t i c a l ,  t o  STX h a v e  s i n c e  b e e n  i s o l a t e d  f r om  a J a p a n e s e  c r a b  
( Z o s im u s  a c n e u s ) ( 4 5 ,  4 6 )  an d  h a v e  been r e p o r t e d  t o  be p r e s e n t  i n  t h e  
b l u e - g r e e n  a l g a  A p h a n iz o m e n o n  f l o s - a q u a e  ( 4 7 ) .  The w ork  o f  Alam et_ a 1 . 
( 4 8 ) ,  h o w e v e r ,  i n d i c a t e s  t h a t ,  a l t h o u g h  t h e  t o x i n  o f  A. f l o s - a q u a e  may 
be s i m i l a r  t o  STX, i t  d i f f e r s  i n  s e v e r a l  r e s p e c t s .
C a s s e l m a n  e t  a l .  ( 4 9 )  d e s c r i b e d  a s e m i m i c r o  ( 1 0 - 2 5  mg) p a p e r  
c h r o m a t o g r a p h i c  m e th o d  f o r  p u r i f i c a t i o n  o f  p a r t i a l l y  p u r i f i e d  p o i s o n  
an d  e n r i c h m e n t  o f  l o w  t o x i c i t y  f r a c t i o n s  g e n e r a t e d  d u r i n g  t h e  f i n a l  
s t e p  o f  t h e  S c h a n t z  e t  a l .  ( 3 2 )  p r o c e d u r e .  T h i s  method  was e x t e n d e d
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t o  a p r e p a r a t i v e  s c a l e  (5 0 0  mg) by t h e  u s e  o f  h e a v y  p a p e r  ( 5 0 ) .  The 
p o i s o n  i s o l a t e d  by t h i s  met hod  h ad  a t o x i c i t y  o f  5 , 0 0 0  -  5 , 8 0 0  MU/mg 
an d  a p p e a r e d  i d e n t i c a l  t o  p u r e  s a x i t o x i n ,  e x c e p t  t h a t  t h e  s p e c i f i c  
r o t a t i o n  was o n l y  +98 i 4 ° . B a n n a r d  an d  C a s s e l m a n  ( 5 1 )  d e m o n s t r a t e d  
by p a p e r  e l e c t r o p h o r e s i s  t h a t  t h e  low s p e c i f i c  r o t a t i o n  was due t o  t h e  
p r e s e n c e  o f  s e v e r a l  i m p u r i t i e s  w h ic h  p o s s e s s e d  low o r d e r  t o x i c i t i . e s  and 
l i t t l e  o r  no o p t i c a l  a c t i v i t y .  A l t h o u g h  t h e  p a p e r  c h r o m a t o g r a p h i c  
an d  e l e c t r o p h o r e t i c  m e t h o d s  d e s c r i b e d  by t h e s e  w o r k e r s  a r e  u s e f u l  a s  
a r e s e a r c h  t o o l  and  y i e l d  n e a r l y  p u r e  STX w i t h  good r e c o v e r y ,  t h e y  a r e  
i m p r a c t i c a l  f o r  l a r g e  s c a l e  p u r i f i c a t i o n  o f  s a x i t o x i n  s i n c e  t h e  p a p e r  
r e q u i r e s  e x t e n s i v e  p r e t r e a t m e n t  t o  remove i m p u r i t i e s .
S a x i t o x i n  i s  a w h i t e  h y d r o s c o p i c  s o l i d ,  v e r y  s o l u b l e  i n  w a t e r  
an d  l o w e r  a l c o h o l s  an d  i n s o l u b l e  i n  l i p i d  s o l v e n t s .  I t  h a s  no u l t r a ­
v i o l e t  a b s o r p t i o n  a b o v e  220 run an d  a p p e a r s  t o  e x i s t  i n  tw o  t a u t o m e r i c  
f o r m s .  The J a f f e ,  B e n e d i c t - B e h r e  a n d  Weber r e a g e n t s  g i v e  p o s i t i v e  
c o l o r  t e s t s  w i t h  t h e  p u r i f i e d  p o i s o n ,  b u t  t h e  S a k a g u c h i  t e s t  i s  
n e g a t i v e  ( 4 0 ) .  H y d r o g e n a t i o n  a t  1 a tm  p r o d u c e s  a d i h y d r o  d e r i v a t i v e  
w h ich  i s  non t o x i c .  The m o l e c u l e  c o n t a i n s  two b a s i c  f u n c t i o n a l  g r o u p s  
p r e s e n t  i n  e q u i v a l e n t  a m o u n t s  (pKg 8 . 1  a n d  1 1 . 5 )  ( 4 2 ,  3 6 ) .  D e t e r m i n ­
a t i o n  o f  t h e  c h e m i c a l  s t r u c t u r e  was made e n o r m o u s l y  d i f f i c u l t  due  t o  
t h e  n o n c r y s t a l l i n e ,  h i g h l y  p o l a r  a n d  n o n v o l a t i l e  n a t u r e  o f  STX. The 
m o l e c u l a r  f o r m u l a  o f  t h e  d i h y d r o c h l o r i d e  h a s  b ee n  r e p o r t e d  a s  
C‘1 0 ^ 1 7 N7 O4 .2HC1 ( 4 0 )  o r  C-^gH-^NyOg .HC1 ( 5 2 )  d e p e n d i n g  up on  t h e  d r y i n g  
c o n d i t i o n s .  T h r e e  s t r u c t u r e s  f o r  STX h av e  b ee n  r e p o r t e d  i n  t h e  l i t e r ­
a t u r e  ( F i g .  1 ) .  S t r u c t u r e s  1 ( 5 3 )  an d  2 ( 5 2 )  we re  f o r m u l a t e d  on t h e  
b a s i s  o f  e x t e n s i v e  c h e m i c a l  and  s p e c t r o s c o p i c  w o rk .  S t r u c t u r e  5 ,  a 
p y r i m i d o  ( 2 , l ~ b )  p u r i n e  ( 5 4 )  was  t h e  k e y  d e g r a d a t i o n  p r o d u c t  l e a d i n g
t o  t h e  f o r m u l a t i o n  o f  s t r u c t u r e  2 ,  T h i s  d e g r a d a t i o n  p r o d u c t  was fo rm ed  
by m i l d  o x i d a t i o n  o f  s a x i t o x i n  w i t h  0.8% h y d r o g e n  p e r o x i d e  a t  2 5 °  o v e r  
a pH r a n g e  o f  3 - 1 2 .  S t r u c t u r e  4 i s  a p p a r e n t l y  t h e  i n i t i a l  p r o d u c t  o f  
a l k a l i n e  h y d r o g e n  p e r o x i d e  o x i d a t i o n  o f  s a x i t o x i n  b u t  f o r m s  s t r u c t u r e  
5 upon  a c i d  i s o l a t i o n  ( 2 2 ) .  S t r u c t u r e  3 ( 5 5 ) ,  t h e  l a t e s t  t o  be p r o ­
p o s e d ,  was d e t e r m i n e d  f r om  a s i n g l e  c r y s t a l  X - r a y  d i f f r a c t i o n  s t u d y  
o f  t h e  p - b r o m o b e n z e n e - s u l f o n a t e  d e r i v a t i v e  o f  s a x i t o x i n .  T h i s  l a t e s t  
s t r u c t u r e  show s  t h a t  s a x i t o x i n  i s  a 3 , 4 , 6 - t r i a l k y l  t e t r a h y d r o p u r i n e  
c o n t a i n i n g  t h r e e  f u s e d  r i n g s .  The f u n c t i o n a l  g r o u p  a t  C 13 i s  d e s c r i b e d  
a s  a h y d r a t e d  k e t o n e .  The d e h y d r a t i o n  o f  t h i s  g r o u p  u n d e r  v i g o r o u s  
d r y i n g  c o n d i t i o n s  may e x p l a i n  t h e  d i f f e r e n c e  b e t w e e n  t h e  tw o p r o p o s e d  
m o l e c u l a r  f o r m u l a s .  The tw o  t a u t o m e r i c  fo rms  o f  STX s e e n  on c o u n t e r -  
c u r r e n t  d i s t r i b u t i o n  ( 3 3 )  may be  t h e  k e t o n e  an d  t h e  k e t o n e  h y d r a t e .
(L1 t a m a r e n s i s  P o i s o n  
I n  c o n t r a s t  t o  t h e  en o r m o u s  am oun t  o f  e f f o r t  e x p e n d e d  a n d  o u r  
k n o w led g e  o f  t h e  c h e m i c a l  an d  p h y s i c a l  p r o p e r t i e s  o f  s a x i t o x i n ,  r e l a ­
t i v e l y  l i t t l e  i s  known a b o u t  t h e  p o i s o n  p r o d u c e d  by G.  t a m a r e n s i s .
G_. t a m a r e n s i s  i s  t h e  d i n o f ] a g e l l a t e  t h o u g h t  t o  be r e s p o n s i b l e  f o r  o u t ­
b r e a k s  o f  PSP a l o n g  t h e  N o r t h  Sea an d  t h e  N o r t h  A m er ic an  A t l a n t i c  
c o a s t ,  a r e a s  r a n k e d  t h i r d  an d  f o u r t h ,  r e s p e c t i v e l y ,  i n  i m p o r t a n c e  
w he re  PSP i s  a p u b l i c  h e a l t h  h a z a r d  ( 7 ) .  P r i o r  t o  11)72, t h e  o n l y  
a r e a s  a f f e c t e d  a l o n g  t h e  v a s t  A t l a n t i c  c o a s t  w e re  t h e  Bay o f  Fundy an d  
t h e  e s t u a r y  o f  t h e  S a i n t  L a w re n c e  R i v e r .  In  t h e  l a t e  summer o f  1972 
a m a s s i v e  b loom o f  t a m a r e n s i s  r e s u l t e d  i n  more t h a n  40 c a s e s  o f  PSP 
an d  t h e  c l o s i n g  o f  c l a m  f l a t s  i n  M a s s a c h u s e t t s ,  New H a m p s h i r e  and 
s o u t h e r n  M a i n e .  O u t b r e a k s  o f  PSP o c c u r r e d  a g a i n  on t h e  New E n g l a n d  
c o a s t  i n  t h e  s p r i n g  an d  summer o f  1 9 7 4 .  T h e s e  r e c e n t  o u t b r e a k s  o f  PSP
i n  a n  a r e a  p r e v i o u s l y  u n a f f e c t e d  by blooms o f  G . t a m a r e n s i s  g e n e r a t e d  
new i n t e r e s t  i n  t h e  c h e m i s t r y  o f  t h e  p o i s o n  p r o d u c e d  by t h i s  a r m o r e d  
d i n o f l a g e l l a t e .
As p r e v i o u s l y  d e s c r i b e d  ( 8 ) ,  t h e  p o i s o n  f rom s c a l l o p s  c o l l e c t e d  
i n  t h e  Bay o f  Fundy b e h a v e d  d i f f e r e n t l y  t h a n  s a x i t o x i n  on s o d iu m  Amber -  
l i t e  IRC-50 r e s i n .  Two p o s s i b l e  r e a s o n s  f o r  t h i s  d i f f e r e n c e  i n  b e h a v i o r  
p r o p o s e d  by S c h a n t z  ( 8 ) w e r e :  1) t h e  p o i s o n s  w e re  c h e m i c a l l y  d i f f e r ­
e n t ;  o r  2 ) i m p u r i t i e s  i n  t h e  s c a l l o p  e x t r a c t s  a f f e c t e d  t h e  b i n d i n g  
p r o p e r t i e s  o f  t h e  r e s i n .  E x p e r i m e n t s  i n  w h ich  p u r i f i e d  s a x i t o x i n  
was a d d e d  t o  s c a l l o p  e x t r a c t s  i n d i c a t e d  t h a t  t h e  two t o x i n s  w e re  chem­
i c a l l y  d i f f e r e n t ,  p o s s i b l y  h a v i n g  d i f f e r e n t  pK v a l u e s ,  s i n c e  a n  am oun t
<3
o f  t o x i n  e q u i v a l e n t  t o  t h e  amount  o f  s a x i t o x i n  a d d e d  was f i r m l y  bound 
t o  t h e  A m b er l . i t e  IRC-50 r e s i n .  T h e s e  d i f f i c u l t i e s  w i t h  s c a l l o p  e x ­
t r a c t s  made i s o l a t i o n  o f  t h e  p o i s o n  f rom th em  i m p o s s i b l e  u s i n g  t h e  
p r o c e d u r e  o f  S c h a n t z  et_ a l .  ( 3 2 )  .
I v a n s  ( 5 6 ,  7) i s o l a t e d  two t o x i c  f r a c t i o n s  f ro m  m u s s e l s  
( M y t i l u s  e d u l i s ) c o l l e c t e d  d u r i n g  a n  o u t b r e a k  o f  PSP a s s o c i a t e d  w i t h  
a b loom o f  G_. t a m a r e n s i s  o f f  t h e  n o r t h e a s t  c o a s t  o f  B r i t a i n  ( 5 7 ) .
A m i n o r  t o x i c  f r a c t i o n ,  p u r i f i e d  t o  a s p e c i f i c  t o x i c i t y  o f  1 , 5 5 0  MU/mg, 
was shown t o  c l o s e l y  r e s e m b l e  s a x i t o x i n  i n  i t s  b i o l o g i c a l  e f f e c t s  and  
b e h a v i o r  on  t h e  s o d iu m  and  h y d r o g e n  form o f  A m b e r l i t e ,  a c a r b o x y l i c  
a c i d  r e s i n .  The m a j o r i t y  o f  t h e  t o x i c i t y ,  h o w e v e r ,  was o n l y  w e a k l y  
bound t o  t h e  s o d iu m  A m b e r l i t e  a n d  was e l u t e d  f rom t h e  r e s i n  w i t h  pH 4 
a c e t a t e  b u f f e r  a l o n g  w i t h  t h e  b u l k  o f  t h e  i m p u r i t i e s  a s  p r e v i o u s l y  
d e s c r i b e d  by S c h a n t z  ( 8 ) f o r  s c a l l o p  e x t r a c t .  F u r t h e r  a t t e m p t s  a t  
c h r o m a t o g r a p h i c  s e p a r a t i o n  o f  t h i s  w e a k l y  bound p o i s o n  on A m b e r l i t e  
a n d  S e p h a d e x  r e s i n s  o n l y  im p ro v ed  t h e  s p e c i f i c  t o x i c i t y  t o  270 MU/mg
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an d  r e s u l t e d  i n  t h e  l o s s  o f  t h e  m a j o r i t y  o f  t h e  a c t i v i t y .  T h i s  p r e p ­
a r a t i o n  was d e t e r m i n e d  t o  c o n t a i n  a t  l e a s t  0 0 % i n e r t  s o l i d s ,  m o s t l y  
s o d iu m  c h l o r i d e .  I t s  b i o l o g i c a l  e f f e c t s  w e re  s i m i l a r ,  b u t  n o t  i d e n ­
t i c a l ,  t o  s a x i t o x i n .
S c h a n t z  ( 5 8 )  r e p o r t e d  t h a t  p o i s o n  f rom G. t a m a r e n s  i s  had b ee n  
p u r i f i e d  i n  h i s  1 a bo r a  t  o r y , b u t  g av e  no d e t a i l s  on t h e  s o u r c e  o f  t h e  
p o i s o n  o r  t h e  p r o c e d u r e  u s e d .  A l t h o u g h  no e x t e n s i v e  s t u d i e s  on i t s  
c h e m i c a l  and p h y s i c a l  p r o p e r t i e s  had been  p e r f o r m e d ,  he d i d  c o n c l u d e  
t h a t  G. t a m a r e n s i s  p r o d u c e d  a p o t e n t  p o i s o n  v e r y  s i m i l a r  t o  s a x i t o x i n  
i n  i t s  b i o l o g i c a l  a c t i o n ,  b u t  somewhat d i f f e r e n t  i n  i t s  c h e m i c a l  an d  
p h y s i c a l  p r o p e r t i e s .
S c h a n t z  ( 3 )  r e p o r t e d  t h a t  a t t e m p t s  t o  i s o l a t e  t h e  p o i s o n  f r om  
a x e n i c  c u l t u r e s  o f  G. t a m a r e n s i s  by t h e  method u s e d  f o r  a x e n i c  c u l t u r e s  
o f  G_. c a t e n e l l a  ( 4 0 )  f a i l e d ,  due t o  p r o b l e m s  s i m i l a r  t o  t h o s e  e n c o u n t e r e d  
w i t h  s c a l l o p  e x t r a c t s  ( 8 ) .  S c h a n t z  ( l l )  r e p o r t e d  t h a t  a l t h o u g h  t h e  
s t r u c t u r e  o f  t h e  p o i s o n  f r o m  G_. t a m a r e n s i s  had  n o t  b e e n  c o m p l e t e l y  
e l u c i d a t e d ,  i t  was d i f f e r e n t  f r om  G_. c a t e n e l l a  p o i s o n  (STX).
R e c e n t l y  G h a z a r o s s i a n  e t  ai_. ( 5 9 )  w o r k i n g  w i t h  S c h a n t z ,  r e p o r ­
t e d  f i n d i n g  o n l y  o n e  p o i s o n  i n  t e n  y e a r  o l d  e x t r a c t s  o f  s c a l l o p  h e p a t o -  
p a n c r e a s  c o l l e c t e d  f rom t h e  Bay o f  F undy .  The t o x i n  was p u r i f i e d  by a 
s l i g h t  m o d i f i c a t i o n  o f  t h e  p r o c e d u r e  d e s c r i b e d  by S c h a n t z  et_ al_. ( 3 2 )  
t o  a s p e c i f i c  t o x i c i t y  o f  5 ,  150 MU/mg. On t h e  b a s i s  o f  i t s  b i o l o g i c a l  
a c t i v i t y  an d  t h i n - L a y e r  c h r o m a t o g r a p h i c  b e h a v i o r ,  t h e  t o x i n  was i d e n t i ­
f i e d  a s  s a x i t o x i n .  T h e s e  w o r k e r s  s u g g e s t e d  t h a t  t h e  f r e s h l y  c o l l e c t e d  
s c a l l o p s  may h av e  c o n t a i n e d  s t r u c t u r a l l y  d i f f e r e n t  t o x i n s  o f  a l e s s  
b a s i c  c h a r a c t e r  w h i c h  b r o k e  down t o  g i v e  s a x i t o x i n  d u r i n g  s t o r a g e .
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METHODS 
Mouse T e s t
The t o x i c i t y  o f  a q u e o u s  s o l u t i o n s  was d e t e r m i n e d  by t h e  i n t r a -  
p e r i t o n e a l  IP  i n j e c t i o n  o f  one  ml o f  s o l u t i o n  i n t o  m ice  w e i g h i n g  a p p r o x ­
i m a t e l y  20 g .  A p p r o p r i a t e  d i l u t i o n s  we re  made so  t h a t  t h e  mouse would  
d i e  w i t h i n  4 t o  8  m i n u t e s  a f t e r  i n j e c t i o n .  With  s a m p l e s  a l s o  c o n t a i n ­
i n g  a c e t i c  a c i d  o r  e t h a n o l ,  c a r e  was t a k e n  t o  i n s u r e  t h a t  t h e s e  com­
p o u n d s  w e r e  n o t  p r e s e n t  i n  c o n c e n t r a t i o n s  t o x i c  t o  m i c e .  The s u r v i v a l  
t i m e  i n  m i n u t e s  was c o n v e r t e d  t o  mouse u n i t s  (MU) u s i n g  t h e  t a b l e s  o f  
Sommer ( 5 )  w he re  one  MU i s  d e f i n e d  a s  t h e  am oun t  o f  t o x i n  r e q u i r e d  t o  
k i l l  a 20 g mouse i n  15 m i n u t e s .  S p e c i f i c  t o x i c i t y  i s  e x p r e s s e d  a s  
e i t h e r  MU/mg o r  MU/ug o f  d r y  m a t e r i a l .  The s t r a i n  o f  m ice  u s e d  was 
C 57 BL/6 J  ( J a c k s o n  L a b o r a t o r i e s ,  Bar  H a r b o r ,  M a ine )  m a i n t a i n e d  in  
t h i s  l a b o r a t o r y .  Our  m ice  had  a c o n v e r s i o n  f a c t o r  (CF)  o f  0 . 2 .
P a p e r  C h r o m a t o g r a p h y  
P a p e r  C h r o m a t o g r a p h y  was r u n  on Whatman No. 1 p a p e r  ( 3 0  x 1.7 cm ) .  
S t a n d a r d  s o l u t i o n s  c o n t a i n i n g  1 mg/ml  o f  t h e  f o l l o w i n g  compounds  w e re  
p r e p a r e d :  g u a n i d i n e ; H C 1 ,  s u l f a g u a n i d i n e ,  c r e a t i n i n e ,  c r e a t i n e  p h o s p h a t e ,
m e t h y L g u a n i d i n e ,  g u a n i d o a c e t i c  a c i d  ( g l y c o c y a m i n e ) , a m i n o g u a n i d i n e  s u l ­
f a t e ,  L - a r g i n i n e ,  a r g i n i n o s u c c i n i c  a c i d ,  c r e a t i n e  h y d r a t e ,  L - c a n a v a n i n e  
s u l f a t e  and  s t r e p t o m y c i n  s u l f a t e .  F i v e  o r  2 5 j i l  s a m p l e s  we re  s p o t t e d  
a l o n g  t h e  l o n g e r  d i m e n s i o n  o f  t h e  p a p e r  2 cm fr om  t h e  l o w e r  e d g e .  The 
p a p e r  was r o l l e d  i n t o  a c y l i n d e r ,  s t a p l e d  an d  d e v e l o p e d  i n  a c o v e r e d ,  
c y l i n d r i c a l  ch a m b e r  a t  room t e m p e r a t u r e .  Two s o l v e n t  s y s t e m s  w e re  u s e d  
(P -A )  n - b u t a n o l : p y r i d i n e : w a t e r  ( 6 5 : 6 5 : 6 5  by volume) and ( P - B )  n - b u t a n o l :
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H OA c:wate r  ( 1 2 0 : 3 0 : 5 0  by v o l u m e ) .  The s o l v e n t  s y s t e m  was a l l o w e d  t o  
t r a v e l  up  t h e  p a p e r  t o  a h e i g h t  o f  a b o u t  12 cm. The p a p e r  was removed 
f rom  t h e  c h a m b e r ,  a i r d r i e d  f o r  1 h o u r  an d  s p r a y e d  w i t h  o n e  o f  t h e  s p r a y  
r e a g e n t s .  R^ .. v a l u e s  w e re  c a l c u l a t e d  a s :
D i s t a n c e  f rom o r i g i n  t o  c e n t e r  o f  s p o t
Rf  = ----------------------------------------------------------------------
D i s t a n c e  f rom o r i g i n  t o  s o l v e n t  f r o n t
T h i n - L a y e r  C h r o m a t o g r a p h y  (TLC)
P r e - c o a t e d  s i l i c a  g e l  60 p l a t e s  w i t h o u t  f l u o r e s c e n t  i n d i c a t o r  
(EM R e a g e n t s )  w e re  s t o r e d  i n  a d e s i c c a t o r  an d  a c t i v a t e d  j u s t  p r i o r  t o  
u s e  a t  110°C f o r  30 m in .  The p l a t e s  w e re  d e v e l o p e d  in  c o v e r e d  r e c t a n g u ­
l a r  g l a s s  c h a m b e r s  i n  t h e  f o l l o w i n g  s o l v e n t  s y s t e m s :  ( / l )  n - b u t a n o l :
a c e t i c  a c i d : w a t e r  ( 5 0 : 2 5 : 2 5 ) ;  (B) t e r t - b u t a n o l : a c e t i c  a c i d : w a t e r  ( 5 0 :
2 5 : 2 5 ) ;  (C)  e t h a n o l : p y r i d i n e : w a t e r : a c e t i c  a c i d  ( 6 0 : 4 0 : 2 0 : 1 0 ) ;  (D)
e t h a n o l : w a t e r : a c e t i c  a c i d  ( 1 0 0 : 4 0 : 2 5 ) ;  ( E )  p y r i d i n e : e t h y l  a c e t a t e :
w a t e r : a c e t : i c  a c i d  ( 7 5 : 2 5  : 3 0 : 1 5 )  ( a l l  by v o l u m e ) .  The p l a t e s  we re  a i r  
d r i e d  f o r  1 h o u r  a f t e r  d e v e l o p m e n t  a n d  t r e a t e d  w i t h  t h e  s p r a y  r e a g e n t s  
i n d i c a t e d .
S p r a y  R e a g e n t s  f o r  P a p e r  and T h i n - L a y e r  C h r o m a t o g r a p h y
J a f f e  ( P i c r i c  A c i d )  S p r a y  ( 6 0 ) .  The d r i e d  c h r o m a t o g r a m  was 
s p r a y e d  w i t h  1% ( w / v )  p i c r i c  a c i d  i n  e t h a n o l ,  d r i e d ,  t h e n  s p r a y e d  w i t h  
5% e t h a n o l i c  K0H.
B e n e d i e t - B e h r e  S p r a y .  The c h r o m a t o g r a m  was s p r a y e d  w i t h  a 1% 
( w / v )  3 , 5 - d i n i t r o b e n z o i c  a c i d  i n  e t h a n o l ,  d r i e d ,  t h e n  s p r a y e d  w i t h  5% 
e t h a n o l i c  K0H.
Weber (PCF,  FCNP) S p r a y  ( 6 1 ) .  The f o l l o w i n g  s t o c k  s o l u t i o n s  
were  s t o r e d  a t  4 ° C : ( l )  10% ( w / v )  NaOH i n  d i s t i l l e d  w a t e r ;  ( 2 )  10%
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( w / v )  s o d i u m  n i t r o p r u s s i . d e  (Nc^ Fe(NO) (CN)g*2 H2 O) i n  d i s t i l l e d  w a t e r ;  
( 3 )  10% ( w / v )  p o t a s s i u m  f e r r o c y a n i d e  (l<4 F e (C N ) 6 ‘ 3 H2 0 ) . The s p r a y  s o l u ­
t i o n  was p r e p a r e d  by m i x i n g  one volume o f  e a c h  o f  t h e  s t o c k  s o l u t i o n s  
and  d i l u t i n g  w i t h  3 v o lu m es  o f  d i s t i l l e d  w a t e r ,
S a k a g u c h i  ( 6 2 ) .  The f o l l o w i n g  s t o c k  s o l u t i o n s  w e re  s t o r e d  a t  
4 ° C : ( l )  0 . 0 1 % cx - n a p h t h o l  d i s s o l v e d  in  e t h a n o l  c o n t a i n i n g  5% u r e a ;
( 2 )  100 ml o f  IN NaOH c o n t a i n i n g  0 . 7  ml B i ^ . The c h r o m a t o g r a m  was 
f i r s t  s p r a y e d  w i t h  s t o c k  s o l u t i o n  ( 1 ) t o  w h ic h  K0 H had b ee n  a d d e d  t o  
a p p r o x i m a t e l y  5% j u s t  b e f o r e  s p r a y i n g .  I t  was t h e n  s p r a y e d  w i t h  s t o c k  
s o l u t i o n  ( 2 ) .
D i a c e t y l -  ^ ( - n a p h t h o l  S p r a y  ( 6 3 ) .  The s t o c k  s o l u t i o n  s t o r e d  a t  
4°C was p r e p a r e d  by a d d i n g  20 ml o f  25% ( w / v ) - N a p h t h o l  i n  n - p r o p a n o l  
t o  2 . 5  ml o f  a q u e o u s  1% 2 , 3 - b u t a n e d i o n e  ( d i a c e t y l )  and d i l u t i n g  t h e  
m i x t u r e  t o  1.00 ml w i t h  n - p r o p a n o l .  The s p r a y  was p r e p a r e d  by m i x in g  
1 volume o f  t h e  s t o c k  s o l u t i o n  w i t h  1 volume o f  5N NaOH j u s t  p r i o r  t o  
s p r a y i n g .
S u l f u r i c  A c id  S p r a y .  The c h r o m a t o g r a m  was s p r a y e d  w i t h  c o n ­
c e n t r a t e d  s u l f u r i c  a c i d  (H2 SO4 ) and  h e a t e d  a t  130°C f o r  4 - 8  m i n u t e s .
NBD C h l o r i d e  S p r a y  ( 6 4 ) .  The c h r o m a t o g r a m  was h e a t e d  a t  100°C 
f o r  15 m i n u t e s ,  t h e n  s p r a y e d  l i g h t l y  w i t h  a f r e s h  1% s o l u t i o n  o f  N B D - 
Cl. ( 4 - c h l o r o - 7 - n i t r o b e n z o - 2 - o x a - l  , 3 - d i a z o l )  i n  m e t h a n o l  . The c h r o m a ­
t o g r a m  was n e x t  s p r a y e d  h e a v i l y  w i t h  10% s o d i u m  b i c a r b o n a t e  (N a H C O g ) 
an d  h e a t e d  t o  110°C t o  i n c r e a s e  t h e  c o l o r .
H y d ro g e n  P e r o x i d e  S p r a y .  The c h r o m a t o g r a m  was s p r a y e d  w i t h  a 
f r e s h  1% s o l u t i o n  o f  H2 O2  i n  d i s t i l l e d  w a t e r  an d  i m m e d i a t e l y  h e a t e d  
a t  1 00°C f o r  30 m i n .  The s p o t s  a r e  v i s i b l e  u n d e r  l o n g  wave UV l i g h t  
( 3 6 0  n m ) .
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I n  S i t u  T L C - F l u o r o m e t r i c  A s s a y  
S t a n d a r d  s o l u t i o n s  c o n t a i n i n g  1 0 0 ,  8 0 ,  6 0 ,  4 0 ,  2 0  an d  10 ug 
o f  t o x i n / m l  we re  p r e p a r e d  f r om  s a m p l e s  o f  m a j o r  t o x i n  H an d  m a j o r  t o x i n  
L,  i s o l a t e d  on t h e  B i o - G e l  co lum n ( s e e  b e lo w )  an d  f r o m  s a x i t o x i n  s t a n d ­
a r d s  k i n d l y  s u p p l i e d  by D r .  E . J .  S c h a n t z .  S t a n d a r d  s o l u t i o n s  o f  p a r t i a l ­
l y  p u r i f i e d  m i n o r  t o x i n  c o n t a i n i n g  5 0 0 ,  4 0 0 ,  3 0 0 ,  2 0 0 ,  100 an d  50 MU/ml 
were  a l s o  p r e p a r e d .  I f  o n l y  t h e  r e l a t i v e  a m o u n t s  o f  t h e  d i f f e r e n t  t o x i n s  
p r e s e n t  i n  a p a r t i c u l a r  s e r i e s  o f  s a m p l e s  ( e . g .  f r a c t i o n s  o f f  a c o lu m n )  
we re  t o  be i n v e s t i g a t e d ,  no s t a n d a r d s  w e re  a p p l i e d  t o  t h e  TLC p l a t e s .
F o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  t h e  c o n c e n t r a t i o n  o f  t o x i n  i n  a 
s a m p l e ,  s t a n d a r d s  an d  t e s t  s o l u t i o n s  w e re  r u n  on t h e  same p l a t e .  Al l  
s a m p l e s  s t u d i e d  i n  a p a r t i c u l a r  s e r i e s  w e re  a p p l i e d  i n  t h e  same volume 
( u s u a l l y  4 j i l  w i t h  a 2 ^ 1  Lang Levy p i p e t ) .  The p l a t e s  w e re  d e v e l o p e d  
i n  s o l v e n t  s y s t e m  (E )  f o r  1 . 5  h o u r s  a t  room t e m p e r a t u r e .  A f t e r  a i r  
d r y i n g  f o r  1 h o u r ,  t h e  d e v e l o p e d  p l a t e s  w e re  s p r a y e d  e v e n l y  w i t h  1% 
h y d r o g e n  p e r o x i d e  f o r  30 s e c o n d s .  The p l a t e s  we re  t h e n  h e a t e d  i n  an  
o v en  a t  100°C f o r  30 m i n u t e s  and f i n a l l y  d e s i c c a t e d  o v e r  CaC 1  ^ f o r  1 
h o u r .  The f l u o r e s c e n t  s p o t s  we re  m e a s u r e d  i n  s i t u  w i t h  a T u r n e r  Model  
I I I  F l u o r o m e t e r  ( T u r n e r  A s s o c . ,  P a l o  A l t o ,  C a l i f o r n i a )  e q u i p p e d  w i t h  a 
TLC S c a n n e r  D o o r .  The f l u o r o m e t e r  was o p e r a t e d  a t  t h e  10 X s e t t i n g  
u s i n g  t h e  s t a n d a r d  ( 1 1 0 - 3 5 0 )  l a m p ,  a 7 - 6 0  n a r r o w  p a s s  p r i m a r y  f i l t e r  
( p e a k  360 nm) an d  a 47 B n a r r o w  p a s s  s e c o n d a r y  f i l t e r  ( p e a k  436 n m ) .
The p l a t e s  w e re  s c a n n e d  a t  a r a t e  o f  2 0  mm/minute  a l o n g  t h e  p a t h  o f  
s a m p l e  m i g r a t i o n .  A s t r i p  c h a r t  r e c o r d e r  was u s e d  t o  r e g i s t e r  t h e  
d e f l e c t i o n  o b s e r v e d .
F l u o r e s c e n c e  S p e c t r a  
F l u o r e s c e n t  s p e c t r a  w e re  d e t e r m i n e d  i n  s o l u t i o n  w i t h  a MK-1
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S p r e c t r o f l u o r o m e t e r  u s i n g  a s t a b i l i z e d  x e n o n  lam p ( F a r r a n d  O p t i c a l  C o . ,  
New Y o r k ,  N . Y . ) .
V i s i b l e  an d  U l t r a v i o l e t  S p e c t r a  
The a b s o r p t i o n  o f  a q u e o u s  s o l u t i o n s  c o n t a i n i n g  100 u g / m l  o f  
m a j o r  t o x i n  H, 10 0 u g / m l  o f  m a j o r  t o x i n  L a n d  40 0 mu/ml  o f  m i n o r  t o x i n
were  d e t e r m i n e d  a t  20  nm i n t e r v a l s  f r o m  700 t o  220 nm w i t h  a Beckman
DU-2 s p e c t r o p h o t o m e t e r .
S o u r c e  o f  T o x i n
The c l a m s  ( Mya a r e n a r i a ) u s e d  i n  t h i s  s t u d y  w e re  c o l l e c t e d  by 
t h e  S t a t e  o f  New H a m p s h i r e  F i s h  and Game D e p a r t m e n t  a n d  t h e  P a r k e r  R i v e r  
N a t i o n a l  W i l d l i f e  R e f u g e ,  Plum I s l a n d ,  M a s s a c h u s e t t s ,  d u r i n g  t h e  h e i g h t  
o f  t h e  t a m a r e n s i s  r e d  t i d e  t h a t  o c c u r r e d  a l o n g  t h e  C e n t r a l  New E n g l a n d  
C o a s t  i n  S e p t e m b e r ,  1 9 7 2 .  The c l a m s  had s c o r e s  o f  2 , 0 0 0  -  4 , 0 0 0  ug o f  
p o i s o n  ( a s  STX) p e r  100 g o f  m e a t .  The c l a m s  w e re  s t o r e d  w h o le  i n  t h e  
f r o z e n  s t a t e  a n d  t h a w e d  o u t  j u s t  p r i o r  t o  p r o c e s s i n g .
E x t r a c t i o n  a n d  I n i t i a l  P u r i f i c a t i o n  o f  t h e  T o x i n s  
The e x t r a c t i o n  an d  p r e l i m i n a r y  s t e p s  i n  t h e  p u r i f i c a t i o n  o f  t h e  
t o x i n s  w e re  c a r r i e d  o u t  u s i n g  t h e  p r o c e d u r e  d e s c r i b e d  by S c h a n t z ,  e t  a l . 
( 3 2 )  w i t h  m i n o r  m o d i f i c a t i o n s  a s  d e t a i l e d  b e l o w .  T h r e e  b a t c h e s  o f  
c l a m s  w e re  c a r r i e d  t h r o u g h  t h i s  p r o c e d u r e  b u t  o n l y  t h e  l a s t  a n d  l a r g e s t
b a t c h  (23  k g )  w i l l  be  d e s c r i b e d .  Whole c l a m s  (23  k g )  w e re  t h a w e d  and
s h u c k e d  t o  y i e l d  mea t  an d  j u i c e  (1 1  k g ) .  The m ea t  an d  j u i c e  w e r e  com­
b i n e d ,  c o v e r e d  w i t h  95% e t h a n o l  ( 1 - 2  1)  an d  a c i d i f i e d  t o  pH 2 - 3  w i t h  
IN HC1 (6 0 0  m l ) .  The c l a m s  w e re  g r o u n d  i n  a n  O s t e r  b l e n d e r  an d  mixed 
w i t h  a n  e q u a l  vo lume o f  C e l i t e  5 0 3 .  The s e m i - s o l i d  m i x t u r e  was l o o s e l y  
p a c k e d  i n t o  8 B u c h n e r  F u n n e l s  ( d i a m e t e r  25 cm) o v e r  a pad o f  g l a s s  wool
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and  a l a y e r  o f  f r e s h  G e l i t e .  Aqueous  15% e t h a n o l  a c i d i f i e d  t o  pH 2 - 3  
w i t h  c o n e . HC1 was f i l t e r e d  t h r o u g h  t h e  f u n n e l s  by g r a v i t y .  The f i l ­
t r a t e  was c o l l e c t e d  an d  a s s a y e d  p e r i o d i c a l l y  u n t i l  o n l y  n e g l i g i b l e  
a c t i v i t y  t o  t h e  mouse t e s t  r e m a i n e d .  The f i l t r a t e  (44  1) was c o n c e n ­
t r a t e d  i n  v a c u o on a r o t a r y  e v a p o r a t o r .  Upon s t a n d i n g  a t  4°C much 
m a t e r i a l  came o u t  o f  s o l u t i o n .  T h i s  m a t e r i a l  was t e s t e d  and  fo u n d  t o  
be i n a c t i v e .  The c o n c e n t r a t e  ( 9 . 2  1)  was h e a t e d  t o  9 0 ° C , r a p i d l y  c o o l e d  
i n  a n  i c e  b a t h  an d  c e n t r i f u g e d  a t  2 3 , 0 0 0  x g a t  0°G f o r  2 0  m i n u t e s .
T h i s  s t e p  r e s u l t e d  i n  t h e  r e m o v a l  o f  a l a r g e  am oun t  o f  i n a c t i v e  i n s o l u ­
b l e  m a t e r i a l  w i t h  no l o s s  o f  a c t i v i t y .  The s u p e r n a t a n t  (pH 1 . 7 )  was 
a d j u s t e d  t o  pH 5 . 7  w i t h  1 N NaOH ( 2 . 2 5  1 ) .  As t h e  pH a p p r o a c h e d  5 ,  
much m a t e r i a l  came o u t  o f  s o l u t i o n .  A f t e r  a d j u s t m e n t  t o  pH 5 . 7 ,  t h e  
s o l u t i o n  was a g a i n  c e n t r i f u g e d  a t  2 3 , 0 0 0  x g f o r  20 m i n u t e s .  The s e d i ­
ment  was a g a i n  t e s t e d  an d  f o u n d  t o  be i n a c t i v e .  The s u p e r n a t a n t  ( 1 1 . 2  1) 
was a p p l i e d  t o  a s o d i u m  a m b e r l i t e  c o l u m n .
Sod ium A m b e r l i t e  IRG-50 Column 
A 4 x 96 cm co lu m n  was p r e p a r e d  f r om  1 . 5  kg o f  A m b e r l i t e  IRC- 
50 C . P .  o b t a i n e d  d r y  i n  t h e  h y d r o g e n  fo rm  ( M a l l i n c k r o d t  C h e m i c a l  Works ,  
S t .  L o u i s ,  M i s s o u r i ) .  The r e s i n  was c o n v e r t e d  t o  t h e  s o d iu m  form by 
m i x i n g  b a t c h w i s e  w i t h  1 N NaOH ( 1 . 5  1) u n t i l  t h e  pH was g r e a t e r  t h a n  1 0 .  
The r e s i n  was r i n s e d  w i t h  d i s t i l l e d  w a t e r  u n t i l  t h e  pH was b e t w e e n  8  — 
8 . 5  a n d  c o n v e r t e d  b a c k  t o  t h e  h y d r o g e n  fo rm  by m i x i n g  b a t c h w i s e  w i t h  
1 N HC1 u n t i l  t h e  pH was l e s s  t h a n  4 .  The r e s i n  was t h e n  r i n s e d  w i t h  
d i s t i l l e d  w a t e r  u n t i l  t h e  pH was g r e a t e r  t h a n  5 a n d  f i n a l l y  c o n v e r t e d  
b a c k  t o  t h e  s o d iu m  fo rm  by m i x i n g  b a t c h w i s e  w i t h  1 N NaOH u n t i l  t h e  pH 
was g r e a t e r  t h a n  1 0 .  The r e s i n  was a g a i n  r i n s e d  w i t h  d i s t i l l e d  w a t e r  u n ­
t i l  t h e  pH was b e t w e e n  8 - 8 . 5  and  p o u r e d  i n t o  t h e  c o l u m n .  The p ac k ed
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col um n  was r i n s e d  w i t h  a b o u t  2 0  v o lu m es  o f  d i s t i l l e d  w a t e r  a t  a f l o w  r a t e  
o f  10 m l / m i n u t e .  The d i s c o l o r e d  r e s i n  a t  t h e  t o p  o f  t h e  co lum n  was r e ­
moved an d  t h e  s a m p l e  ( i n  1 1 . 2  1 ) a p p l i e d  a t  a f l o w  r a t e  o f  6  m l / m i n u t e .  
The e f f l u e n t  f rom  t h e  c o lu m n  was c o l l e c t e d  m a n u a l l y  d u r i n g  t h e  d ay  i n  
250 o r  500 ml g r a d u a t e d  c y l i n d e r s .  The a c t i v i t y  o f  e a c h  f r a c t i o n  was 
d e t e r m i n e d  w i t h  t h e  mouse t e s t .  At n i g h t  t h e  e f f l u e n t  was r u n  i n t o  a 
f r a c t i o n  c o l l e c t o r  an d  16 ml f r a c t i o n s  w e re  c o l l e c t e d .  T h e s e  f r a c t i o n s  
we re  a s s a y e d  p e r i o d i c a l l y  a n d  p o o l e d  i n t o  l a r g e r  f r a c t i o n s  on t h e  b a s i s  
o f  c o l o r  an d  a c t i v i t y .  A p p l i c a t i o n  o f  t h e  s u p e r n a t a n t  (42 MU/ml) was 
c o n t i n u e d  u n t i l  t h e  a c t i v i t y  i n  t h e  e f f l u e n t  r o s e  t o  20 MU/ml. At 
t h i s  p o i n t  6 . 1 5  1 o f  s u p e r n a t a n t  (42 MU/ml) had b ee n  a p p l i e d .  The 
co lum n  was n e a r i n g  s a t u r a t i o n  an d  a d d i t i o n  o f  s u p e r n a t a n t  was s t o p p e d .
The co lum n  was r i n s e d  w i t h  d i s t i l l e d  w a t e r  ( 1 . 5  1) u n t i l  no a p p r e c i a b l e  
a c t i v i t y  r e m a i n e d  i n  t h e  e f f l u e n t .  The co lu m n  was t h e n  e l u t e d  w i t h  1 M 
a c e t i c  a c i d  b u f f e r e d  a t  pH 4 w i t h  a s a t u r a t e d  s o d iu m  a c e t a t e  s o l u t i o n  
( 2 . 7 5  l )  . T h i s  removed t h e  nta;jor t o x i c  f r a c t i o n  from t h e  c o l u m n .  E l u ­
t i o n  w i t h  t h e  pH 4 b u f f e r  was c o n t i n u e d  u n t i l  no more a c t i v i t y  a p p e a r e d  
i n  t h e  e f f l u e n t .  The co lu m n  was a g a i n  r i n s e d  w i t h  d i s t i l l e d  w a t e r  ( 2 . 0 5  
1 )  a n d  t h e n  e l u t e d  w i t h  0 . 5  M a c e t i c  a c i d .  T h i s  removed t h e  m i n o r  t o x i c  
t r a c t i o n  from t h e  c o l u m n .  The co lum n  was f i n a l l y  e l u t e d  w i t h  1 N HC1.
One r u n  o f  t h e  s o d iu m  A m b e r l i t e  co lu m n  r e q u i r e d  a b o u t  3 d a y s .  The 
so d iu m  form o f  t h e  r e s i n  was r e g e n e r a t e d  and  t h e  r e m a i n d e r  o f  t h e  s u p ­
e r n a t a n t  ( 5 . 1  1)  a p p l i e d .  The ma. jor an d  m i n o r  t o x i c  f r a c t i o n s  we re  i s o ­
l a t e d  by r e p e a t i n g  t h e  p r o c e s s .
P u r i f i c a t i o n  o f  M inor  T o x i n  
m i n o r  t o x i c  f r a c t i o n  was p u r i f i e d  by two p a s s e s  t h r o u g h  
an A m b e r l i t e  CG- 5 0  ( 2 0 0 - 4 0 0  mesh)  co lum n  (2 x 43 cm) i n  t h e  h y d r o g e n
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fo rm  a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  S c h a n t z  e t  a l . ( 3 2 )  f o r  STX t o  
y i e l d  t h e  m i n o r  t o x i n  a s  d e s c r i b e d  b e l o w .  The co m b in ed  m i n o r  t o x i c  
f r a c t i o n  f rom t h e  A m b e r l i t e  IRC-50 co lu m n  ( a b o v e )  was c o n c e n t r a t e d  i n  
v a c u o  on a r o t a r y  e v a p o r a t o r  t o  a c o n c e n t r a t i o n  o f  a b o u t  1 , 0 0 0  MU/ml 
( v o l u m e  a b o u t  100 m l ) .  The A m b e r l i t e  CG-50 r e s i n  (a  f i n e l y  d i v i d e d  form 
o f  A m b e r l i t e  IR C-5 0)  was p r e p a r e d  by c o n v e r s i o n  t o  t h e  so d iu m  f o r m ,  w ash ­
i n g  w i t h  d i s t i l l e d  w a t e r ,  r e c o n v e r s i o n  t o  t h e  h y d r o g e n  fo rm  and w a sh ­
i n g  w i t h  d i s t i l l e d  w a t e r  u n t i l  t h e  pH was g r e a t e r  t h a n  4 .  The s a m p l e  
was a p p l i e d  a t  a f l o w  r a t e  o f  40 n i l / h r  w i t h  a p e r i s t a l t  i c  pump. F o u r ­
t e e n  nil f r a c t i o n s  w e re  c o l l e c t e d .  A f t e r  s a m p l e  a p p l i c a t i o n  had been 
c o m p l e t e d ,  t h e  co lum n  was r i n s e d  w i t h  250 ml o f  d e i o n i z e d  d i s t i l l e d  
w a t e r ,  t h e n  e l u t e d  w i t h  0 . 1  M a c e t i c  a c i d .  El v e r y  t e n t h  t u b e  was a s s a y e d  
w i t h  t h e  mouse t e s t  u n t i l  t h e  p ea k  o f  a c t i v i t y  was  l o c a t e d  and t h e n  
e v e r y  t u b e  was a s s a y e d .  The a c t i v e  f r a c t i o n s  w e re  c o m b i n e d ,  c o n c e n t r a ­
t e d  t o  a vo lume o f  70 ml and a p p l i e d  t o  a f r e s h  A m b e r l i t e  CG-50 co lumn 
p r e p a r e d  by t h e  same p r o c e d u r e .  The co lum n  was wa shed w i t h  d e i o n i z e d  
d i s t i l l e d  w a t e r  and a g a i n  e l u t e d  w i t h  .1  M a c e t i c  a c i d ,  14 ml f r a c t i o n s  
b e i n g  c o l l e c t e d .  The p e a k  o f  a c t i v i t y  was l o c a t e d  by a s s a y i n g  e v e r y  o t h e r  
t u b e  w i t l i  t h e  mouse t e s t .  T ubes  c o n t a i n i n g  a c t i v i t y  w e re  co m bined  and 
l y o p h i l i z e d  t o  g i v e  t h e  p u r i f i e d  m i n o r  t o x i n  an d  t h e  w e i g h t  d e t e r m i n e d .
P u r i f i c a t i o n  o f  t h e  M a j o r  T o x i c  F r a c t i o n  
The m a j o r  t o x i c  f r a c t i o n  f rom t h e  A m b e r l i t e  IRC-50 co lum n  was 
d i v i d e d  i n t o  f o u r  e q u a l  b a t c h e s  ( 1 . 4  I  e a c h )  an d  e a c h  b a t c h  p r o c e s s e d  
i n  t h e  f o l l o w i n g  m an n er  ( F i g .  2 ) .  The s a m p l e  was c o n c e n t r a t e d  on a 
r o t a r y  e v a p o r a t o r  t o  a b o u t  200 m l ,  t h e  pH b r o u g h t  down t o  5 w i t h  c o n c e n ­
t r a t e d  HC1 ( a b o u t  25 ml )  an d  t h e  f r a c t i o n  t a k e n  t o  d r y n e s s .  The r e s ­
i d u e  was d r i e d  f u r t h e r  f o r  24 h o u r s  i n  a vacuum d e s i c c a t o r  c o n t a i n -
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F i g .  2 .  D iag ram  f o r  t h e  i s o l a t i o n  o f  t h e  E t h a n o l - S o l u b l e  M a jo r  T o x i c  
F r a c t i o n
M a j o r  T o x i c  F r a c t i o n  ( 3 1 , 0 0 0  MU, \  o f  t o t a l  f r a c t i o n )  
T ak e  t o  d r y n e s s  ijn vacu o  
R e s i d u e
E x t r a c t  w i t h  1 00  mi o f  c o l d  e t h a n o l  




S u p e r n a t a n t  ( 2 4 , 6 0 0  MU) S e d i m e n t
\ r
Combined S u p e r n a t a n t s  
( 3 2 , 5 0 0  MU)
T a k e n  t o  d r y n e s s  i_n v a c u o
*
R e s i d u e
E x t r a c t  w i t h  30 ml 
^  c o l d  e t h a n o l  
C e n t r i f u g e
E x t r a c t  w i t h  50 ml
c o l d  e t h a n o l
C e n t r i f u g e
S u p e r n a t a n t
( 7 , 9 0 0  MU)
>y
E x t r a c t  w i t h  50 
c o l d  e t h a n o l  
C e n t r i f u g e
S u p e r n a t a n t  S e d i m e n t  ( d i s c a r d )
( 2 , 7 0 0  MU, s i d e  f r a c t i o n )
S u p e r n a t a n t  ( 2 8 , 1 0 0  MU)
g ,
S e d i m e n t
I
Take  t o  d r y n e s s  i n  v a c u o
R e s i d u e
i^
 C e n t r i f u g t
E x t r a c t  w i t h  20 ml o f  c o l d  e t h a n o l  
e
Take  up i n  10 ml o f  w a t e r  S u p e r n a t a n t  ( 8 , 6 0 0  MU, S e d i m e n t  ( d i s -
s i d e  f r a c t i o n )  c a r d )
E t h a n o l - S o l u b l e  M a i o r  T o x i c  F r a c t i o n  ( 2 3 . 8 0 0  MU, 3 MU/mg)
i n g  c a l c i u m  c h l o r i d e  l u m p s ,  s o d iu m  h y d r o x i d e  p e l l e t s ,  and c o n c e n t r a t e d  
s u l f u r i c  a c i d  i n  s e p a r a t e  d i s h e s .  A p a l e  y e l l o w  c r y s t a l l i n e  s o l i d  was 
o b t a i n e d  w h ic h  was e x t r a c t e d  w i t h  100 ml o f  c o l d  e t h a n o l .  The m i x t u r e  
was c e n t r i f u g e d  a t  1 2 , 0 0 0  x g f o r  20 m i n u t e s .  The p e l l e t  r e m a i n i n g  
a f t e r  p o u r i n g  o f  f  t h e  s u p e r n a t a n t  was r e - e x t r a c t e d  w i t h  50 ml o f  c o l d  
e t h a n o l  and t h e  m i x t u r e  a g a i n  c e n t r i f u g e d .  The s u p e r n a t a n t s  were  
c o m b i n e d ,  t a k e n  t o  d r y n e s s  i n  v a c u o , an d t h e  r e s i d u e  d e s i c c a t e d  f o r  24 
h o u r s .  The r e s i d u e  was e x t r a c t e d  w i t l i  30 ml o f  c o l d  e t h a n o l  and  t h e  
m i x t u r e  c e n t r i f u g e d .  The s u p e r n a t a n t  was c o n c e n t r a t e d  in  v a c u o  t o  
d r y n e s s  and t h e  r e s i d u e  t a k e n  up i n  1 0  ml o f  w a t e r  t o  g i v e  t h e  e t h a n o ! -  
s o l u b l e  m a j o r  t o x i c  f r a c t i on w h ich  was i m m e d i a t e l y  a p p l i e d  t o  t h e  B i o -  
G e l  co lum n  (4  x 100 cm) ( BG 4 - 1  t o  4 ,  T a b l e  6 ) .
B i o - G e l  (4  x 100 cm) Column 
A B i o - G e l  co lum n  (4 x 100 cm) was p r e p a r e d  by p o u r i n g  400 g o f  
B io - G e l  P -  2 ( 2 0 0 - 4 0 0  mesh)  ( B i o - R a d  L a b o r a t o r i e s ,  R ichmon d,  C a l i f o r n i a )  
a s  a s l u r r y  i n t o  a 4 x 104 cm co lum n  an d  w a s h i n g  w i t h  d e i o n i z e d  d i s t i l l e d  
w a t e r  a t  a f l o w  r a t e  o f  84 m l / h o u r .  F o u r t e e n  ml f r a c t i o n s  w e re  c o l l e c t e d  
an d  e v a l u a t e d  on t h e  b a s i s  o f  t o t a l  a c t i v i t y ,  s o l i d s  c o n t e n t  and  a p p e a r ­
a n c e  i n  t h e  i n  s i t u  T L C - f l u o r o m e t r i c  a s s a y .  V a r i a b l e  a m o u n t s  o f  
t o x i c i t y  w h ich  w e re  bound t o  t h e  c o lu m n  w ere  e l u t e d  w i t h  0 . 1  M a c e t i c  
a c i d .  Betwee n e a c h  r u n ,  t h e  co lumn was w ash ed  w i t h  2 1 o f  0 .1  M a c e t i c  
a c i d  and  r i n s e d  w i t h  a t  l e a s t  4 1 o f  d e i o n i z e d  d i s t i l l e d  w a t e r .
B i o - G e l  ( 2 . 6  x 00 cm) Column
A ( 2 . 6  x 100 cm) g l a s s  co lu m n  was p a c k e d  w i t h  Bio-Gel .  P-2  ( 2 0 0 -  
400 mesh)  t o  g i v e  a bed h e i g h t  o f  00 cm. S am p le s  f rom t h e  f i r s t :
B i o - G e l  co lum n  d i s s o l v e d  i n  0 . 1  M a c e t i c  a c i d  w e re  a p p l i e d  t h r o u g h  a
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flow ad ap te r  and e lu te d  w ith 0 .1  M a c e t i c  a c id  a t  a flow r a t e  o f  40 ml/ 
hour. Five ml f r a c t i o n s  were c o l l e c te d .
The e f f l u e n t  from th e  column was monitored using th e  mouse t e s t  
and by s p o t t in g  4 u l  samples from each f r a c t i o n  onto a 5 x 6 cm TLC 
p l a t e .  Up to  20 f r a c t io n s  were eva lua ted  per p l a t e .  Without develop­
ment in  any so lv en t  system , th e  p l a t e  was sprayed d i r e c t l y  with 1% H2 O2  
heated  a t  100°C fo r  30 minutes and observed under a long wave UV lamp 
(360 nm). F rac t io n s  g iv in g  f lu o re s c e n t  sp o ts  were f u r th e r  eva lua ted  
using th e  TLC-fluorom etric procedure described  above.
RESULTS
E x t r a c t i o n  and  I n i t i a l  S e p a r a t i o n  o f  t h e  
Ma.jor an d  Mi n o r  T o x i c  F r a c t i o n s  
A summary o f  t h e  w e i g h t  an d  a c t i v i t y  o f  f r a c t i o n s  a t  d i f f e r e n t  
s t a g e s  i n  t h e  i s o l a t i o n  p r o c e d u r e  d e s c r i b e d  i n  t h e  E x p e r i m e n t a l  s e c t i o n  
i s  shown i n  T a b l e  1 .  From 23 kg o f  c l a m s ,  11 kg o f  m ea t  a n d  s h e l l  
l i q u o r  w e re  o b t a i n e d  a f t e r  s h u c k i n g .  T h e s e  y i e l d e d  a t o t a l  o f  44 1 
o f  a c i d  a l c o h o l i c  e x t r a c t s  w h i c h  a f t e r  two  c e n t r i f u g a t i o n  s t e p s  had a 
t o t a l  a c t i v i t y  o f  4 7 2 , 0 0 0  MU. B e c a u s e  o f  t h e  l i m i t e d  s i z e  o f  t h e  s o d ­
ium A m b e r l i t e  IRC-50 c o l u m n ,  t h e  c o n c e n t r a t e d  s u p e r n a t e  ( 1 1  1 )  had t o  
be a p p l i e d  i n  two  r u n s .  Summ ari e s  o f  t h e  w e i g h t  an d  a c t i v i t y  o f  f r a c ­
t i o n s  f r o m  t h e  f i r s t  an d  s e c o n d  r u n s  on  t h e  A m b e r l i t e  IRC-50 c o lu m n  a r e  
shown i n  T a b l e s  2 an d  3 r e s p e c t i v e l y .  The g r e a t e r  p a r t  o f  t h e  a c t i v i t y  
was e l u t e d  f r om  t h e  s o d iu m  A m b e r l i t e  IRC-50 co lu m n  w i t h  pH 4 a c e t a t e  
b u f f e r  an d  i s  t h e r e f o r e  r e f e r r e d  t o  a s  t h e  m a j o r  t o x i c  f r a c t i o n . A c e t i c  
a c i d  ( 0 . 5  M) e l u t e d  a n o t h e r  t o x i c  f r a c t i o n ,  w h ic h  i s  r e f e r r e d  t o  a s  
t h e  m i n o r  t o x i c  f r a c t i o n .
I s o l a t i o n  o f  M in o r  T o x i n  
F r a c t i o n  n o .  20 ( T a b l e  2 )  f r o m  t h e  f i r s t  s o d i u m  A m b e r l i t e  IRC- 
50 co lum n an d  f r a c t i o n s  n o .  1 4 - 1 6  ( T a b l e  3)  f r o m  t h e  s e c o n d  w e re  p o o l e d ,  
c o n c e n t r a t e d  iri v a c u o  an d  a p p l i e d  t o  a h y d r o g e n  A m b e r l i t e  CG-50 c o l u m n .  
The a c t i v i t y  was e l u t e d  a s  a s i n g l e  p e a k  ( 1 4 1 , 0 0 0  MU) w i t h  0 . 1  M a c e t i c  
a c i d .  The a c t i v e  f r a c t i o n  was c o n c e n t r a t e d  i_n v a c u o  an d  a p p l i e d  t o  a 
s e c o n d  h y d r o g e n  A m b e r l i t e  c o l u m n .  A g a in  t h e  a c t i v i t y  was e l u t e d  a s  
a s i n g l e  p e a k  w i t h  0 . 1  M a c e t i c  a c i d .  T a b l e  4 show s  t h e  w e i g h t  an d
TABLE 1. Weight and A c t iv i ty  of Various F rac tio n s  from the  I s o la t io n  o f  the  P a ra ly t ic  S h e l l f i s h  Poisons.
Weight
(gm)
A c tiv i ty
(MU)
S p e c if ic
T o x ic i ty
(MU/mg)
Whole clams 
Meat and ju ic e  
Aqueous 15% Ethanol E x trac t  
F i r s t  c e n t r i fu g a t io n  
Sediment 
Supernatant 




pH 4 A cetate Buffer E lu tion  
(Major Toxic F ra c t io n )
.5 M A cetic  Acid E lu tion  












I s o la t io n  o f  Minor Toxin 
Minor Toxic F rac t io n  
F i r s t  Hydrogen Amberlite Column 
Second Hydrogen Amberlite Column 
F rac t io n  no. 20-26 (Minor Toxin) 
F rac t io n  no. 17-19, 27-29. 
Bio-Gel Column 
I s o la t io n  o f Major Toxins 
Major Toxic F rac t io n  
Ethanol Soluble MATF 
Major Toxin 
Major Toxin H 
Major Toxin L


























TABLE 2 .  A c t i v i t y  o f  F r a c t i o n s  f ro m  t h e  F i r s t  S o d i u m - A m b e r l i t e
IR C-5 0  Column Run.
O p e r a t i o n F r a c t i o n
Number
Volume A c t i v i t y R e c o v e r y
(L ) (MU/ml) (MU) (%)
Sample 6 . 1 5 4 2 . 0 2 5 8 , 3 0 0
Sample  A p p l i c a t i o n 1 2 . 4 0 0
( F r a c t i o n s  o b t a i n e d 2 1 . 0 2 . 0 2 , 0 4 0
d u r i n g  t h i s  p r o c e s s ) 3 1 . 0 5 . 2 5 , 1 6 0
4 1 . 0 7 . 8 7 , 8 4 0
5 .25 9 . 2 2 , 3 0 0
6 .25 1 2 . 5 3 , 1 0 0
7 .25 2 2 . 8 5 , 7 0 0
T o t a l 6 . 1 5 2 6 , 1 4 0 1 0 . 2
F i r s t  W a te r  R i n s e 8 .25 24 5 , 9 5 0
9 .25 2 1 . 5 5 , 3 7 0
1 0 .25 19 4 , 7 5 0
1 1 .50 8 . 6 4 , 3 0 0
1 2 .25 9 . 0 2 , 2 6 0
T o t a l 1 . 5 2 2 , 6 3 0 8 . 8
E l u t i o n  w i t h  pH 4 13 .25 0 0
A c e t a t e  B u f f e r 14 .40 9 . 6 3 , 8 0 0
( M a j o r  T o x i c 15 1 . 9 5 48 9 5 , 6 0 0
F r a c t  i o n ) 16 .05 0 0
T o t a l 2 . 7 5 3 8 . 5 9 9 , 4 0 0 3 8 . 5
S eco n d  Wate r  R i n s e 17 .3 9 . 0 2 , 7 0 0
18 1 . 7 5 1 . 2 2 2 ,140
T o t a l 2 . 0 5 4 , 8 4 0 1 . 9
oo
TABLE 2 .  ( c o n t ’d)
E lu t io n  with .5 M 19 .92 0 0
A cetic  Acid 20 2 .3  24 62,700
( Minor Toxic 21 .75 2 .0  1,800
F rac t io n )
T o ta l  3.97 64,500
E lu tio n  w ith  1 N HC1 22 2 .0  0 0
25.0
T o ta l  A c t iv i ty  Recovered 217,500 84.2
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TABLE 3. A c t iv i ty  o f  F rac t io n s  from the  Second Sodium Amberlite
IRC-50 Column Run.
O peration F rac t io n
Number
Volume A c t iv i ty Recovery
(L) (MU/ml) (MU) (%)
Sample 5.1 42 214,000
Sample A p p lica t ion 1 5.1 4 .0 20,000 9.5
F i r s t  Water Rinse 2 1 .0 12 12,000
3 .5 8.3 4,200
4 .5 C 0
T o ta l 2 16,200 7.7
E lu tio n  with pH 4 5 .35 10 3,400
A cetate  Buffer 6 .25 9.5 2 ,380
(Ma.ior Toxic 7 .5 9.65 4,830
F rac t io n ) 8 2.82 18.5 52,300
9 .25 0 0
T o ta l - 4.18 62,900 29.4
Second Water Rinse 10 1.5 0 0 0
E lu t io n  with .5 M 11 .5 0 0
A cetic  Acid (Minor 12 .25 0 0
Toxic F rac tio n ) 13 .25 0 0
14 .25 5.6 1,400
15 .4 17.5 7,000
16 1.4 25 , 35,100
T ota l 3.05 43,500 20.3
T o ta l A c t iv i ty  Recovered 143,000 66.9
— The f r a c t i o n  c o l l e c to r  m alfunctioned during e lu t io n  o f  t h i s  f r a c t i o n ,  
r e s u l t in g  in  th e  lo s s  o f  some a c t i v i t y .
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TABLE 4. Weight and A c t iv i ty  o f  Active F rac t io n s  E luted from the
Second Hydrogen Amberlite CG-50 Column
F ra c t io n  Number T o ta l  S o lid s A c t iv i ty S p e c if ic  T o x ic i ty
(m g) (MU/ml) (MU) (MU/mg)
15 31.9
16 30.9 22.4 300 10
17 20.9
18 15 606 8,500 566
19 12.7
20 9 805 11,300 1,253
21 9.9
22 7.8 1,500 21,000 2,692
23 8.82
24 6.51 1,315 18,400 2,829
25 6.37
26 4.48 764 6,500 1,449
27 6.09
28 4.97 99 1,400 279
20-26 - 64.64 89,400 1,383
17-19 , 27-29 - 47 20,600 436
— These va lues  a re  f o r  pooled f r a c t i o n s .
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a c t i v i t y  o f  t r a c t i o n s  from t h e  s e c o n d  h y d r o g e n  A m b e r l i t e  CG-50 c o lu m n .  
The mos t  a c t i v e  f r a c t i o n  ( n o .  2 4 )  had a s p e c i f i c  t o x i c i t y  o f  2 , 8 2 9  MU/ 
mg. F r a c t i o n s  n o .  20--26 w e re  p o o l e d .  T h i s  m a t e r i a l ,  r e f e r r e d  t o  a s  
m i n o r  t o x i n ,  had a s p e c i f i c  t o x i c i t y  o f  1 , 3 8 3  MU/mg. S i d e  f r a c t i o n s  
no .  17 , 18 , 1 9 ,  2 7 ,  28 a n d  29 we re  p o o l e d  ( 2 0 , 6 0 0  MIJ, 4 3 6 /MU/mg) ,  t a k e n  
t o  d r y n e s s  in_ v a cu o  and a p p l i e d  t o  a B i o - G e l  P-2  (4  x 100 cm) co lumn 
in  10 ml o f  w a t e r .  The a c t i v i t y  was bound t o  t h e  co lum n and c o u l d  
n o t  be e l u t e d  w i t h  d e i o n i z e d  d i s t i l l e d  w a t e r .  The a c t i v i t y  was e l u t e d  
a s  a s i n g l e  p ea k  w i t h  0 . 1  M a c e t i c  ac r i d .  T h i s  t r e a t m e n t  b r o u g h t  t h e  
s p e c i f i c  t o x i c i t y  o f  t h e  b e s t  f r a c t i o n s  up t o  2 , 3 0 0  MU/mg. TLC o f  
b o t h  o f  t h e s e  p r e p a r a t i o n s  o f  m i n o r  t o x i n  showed p r e d o m i n a n t l y  one  
co m p o n en t  ( F i g .  3 ) .
I s o l a t i o n  o f  M a jo r  T o x i n
F r a c t i o n  n o .  15 f r o m  t h e  f i r s t  s o d iu m  A m b e r l i t e  IRC-50 co lum n  
r u n  ( T a b l e  2 )  and  f r a c t i o n  n o .  8  f rom t h e  s e c o n d  r u n  ( T a b l e  3)  were  
co m b in ed  and  fo und  to  h ave  a t o t a l  a c t i v i t y  o f  1 2 4 , 0 0 0  MU. T h i s  m a t e r ­
i a l  ( 0 . 4 4  MU/mg) was d i v i d e d  i n t o  f o u r  p o r t i o n s  and e a c h  p o r t i o n  was 
p u r i f i e d  t o  a l e v e l  o f  3 - 4  MU/mg w i t h  n e g l i g i b l e  l o s s  o f  a c t i v i t y  by 
a s e r i e s  o f  e x t r a c t i o n s  i n t o  c o l d  e t h a n o l .  The v a l u e s  shown i n  p a r e n ­
t h e s e s  i n  F i g .  2 we re  o b t a i n e d  f r om  a t y p i c a l  r u n  t h r o u g h  t h e  e t h a n o l  
e x t r a c t i o n  p r o c e d u r e .  The w e i g h t  and  a c t i v i t y  o f  t h e  e t h a n o l  s o l u b l e  
m a j o r  t o x i c  f r a c t i o n  ( e t h a n o l  s o l u b l e  MATF) i s  shown i n  T a b l e  5 .  The 
f i f t h  r u n  t h r o u g h  t h i s  p r o c e d u r e  was a work up o f  s i d e  f r a c t i o n s  o b ­
t a i n e d  f rom t h e  f i r s t  f o u r  r u n s .
Laeh p o r t i o n  o f  t h e  e t h a n o l  s o l u b l e  MATF was run  s e p a r a t e l y  on 
t h e  l a r g e  d i a m e t e r  B i o - G e l  co lumn (4  x 100 cm) (BG 4-1  t o  5 ,  T a b l e  6 ) .  
F i g .  4 shows t h e  d i s t r i b u t i o n  o f  a c t i v i t y  e l u t e d  i n  a t y p i c a l  r u n  o f
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F ig . 3. T h in - lay e r  chromatography of s a x i to x in  and th e  G_. tam arensis  
poisons on s i l i c a  g e l  p l a t e s .  A,B,C,D, in d ic a te  so lv en t  sy s ­
tems (see  Methods s e c t i o n ) .  1 ,2 ,3 ,  in d ic a te  s a x i to x in ,  
major to x in ,  and minor to x in ,  r e s p e c t iv e ly .  P la te s  were 
sprayed with s u l f u r i c  ac id  and ch a rred .
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TABLE 5. Weight and A c t iv i ty  o f  E thanol Soluble  Major Toxic 
F rac t io n  ( Ethanol Soluble  MATF)
Run Number Weight A c t iv i ty S p e c if ic
T o x ic i ty
(g) (MU) (MU/mg)
1 7.5 2 2 , 1 0 0 2.96
2 5.1 2 0 , 1 0 0 3.94
3 8 . 0 23,800 2.98
4 5.3 20,400 3.82
5 ^ 5.0 31,300 6.25
T o ta l  E thanol Soluble A c t iv i ty 117,700 (94.9% Recovery)
— The s t a r t i n g  m a te r ia l  f o r  t h i s  e x t r a c t io n  was th e  pooled s ide  f r a c ­
t i o n s  from th e  f i r s t  four e x t r a c t io n s  (numbers 1 -4 ) .
TABLE 6 . Weight and A c t iv i ty  o f  Sample and Pooled F rac t io n s  fo r  In d iv id u a l  Runs on the  Large Diameter
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MATF no. 3 23,800 8 ,0 00 2.98
BG4-4
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BG4-5 Ethanol S o l .
MATF no. 5 31,300









T ota l 23,410
BG4-7 -  BG4-4 101-109 16,100
Water E lu tio n  0
0.1M A cetic  Acid 79-81 2,130
E lu tio n  82 2,770
83 4,350
( c o n t ’d)



















BG4-8 -  BG4-5 100,102
Water E lu tion  
0.1M Acetic  Acid 75-78— 
E lu tio n  
T ota l
BG4-9 -  BG4-8 
BG4-7
Total
0.1M Acetic  Acid 95-98— 
G radien t E lu tio n  99-104^- 



























— Tubes #96 and 97 were pooled and shown by TLC to  be pure major to x in  H, s p e c i f i c  t o x i c i t y  1,800 MU/mg,
— Predominately major to x in  H.
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Fig . 4. T ox ic ity  of f r a c t io n s  c o l le c te d  during a ty p ic a l  run of the  e thano l so lu b le  major to x ic  
f r a c t io n  on the  la rg e  diam eter Bio-Gel column (BG4-2). The column was e lu te d  w ith de­
ion ized  d i s t i l l e d  w ater .
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t h e  e t h a n o l  s o l u b l e  MATF on t h e  B i o - G e l  c o lu m n .  T a b l e  6  l i s t s  t h e  
w e i g h t  and a c t i v i t y  o f  t h e  s a m p l e  and  p o o l e d  f r a c t i o n s  f o r  e a c h  run 
on t h e  l a r g e  d i a m e t e r  B io -G e i  c o l u m n .  G e n e r a l l y ,  a f t e r  a p p l i c a t i o n  o f  
e t h a n o l  s o l u b l e  MATF t o  t h e  c o l u m n ,  two p e a k s  o f  a c t i v i t y  w e re  e l u t e d  
w i t h  d e i o n i z e d  d i s t i l l e d  w a t e r .  The f i r s t  p e a k  c o n t a i n e d  o n l y  a b o u t  
5% o f  t h e  t o t a l  a c t i v i t y  and was n o t  s t u d i e d  f u r t h e r .  The s e c o n d  pea k  
c o n t a i n e d  a b o u t  80% o f  t h e  a c t i v i t y  a p p l i e d  t o  t h e  c o l u m n .  C o n d u c t i v ­
i t y  m e a s u r e m e n t s  and w e i g h t  d e t e r m i n a t i o n s  i n d i c a t e d  t h a t  t h i s  main  
p eak  was e l u t e d  from t h e  co lu m n  a f t e r  t h e  m a j o r i t y  o f  s a l t s  and o t h e r  
i n e r t  m a t e r i a l .  F o r  some unknown r e a s o n ,  t h e  m a j o r i t y  o f  a c t i v i t y  i n  
t h e  t h i r d  s a m p l e  o f  e t h a n o l  so  1u b l e  MATF (BG4-8) was bound t o  t h e  c o l ­
umn and was n o t  e l u t e d  w i t h  w a t e r  b u t  was s u b s e q u e n t l y  (‘l u t e d  w i t h  0.1 M 
a c e t i c  a c i d .  The r e c o v e r y  o f  a c t i v i t y  f rom t h e  f i r s t  f o u r  r u n s  on t h e  
B i o - G e l  co lum n  r a n g e d  from 8 6 . 5  t o  89.2%.  F r a c t i o n s  from t h e  main  p ea k  
o f  a c t i v i t y  e l u t e d  w i t h  d e i o n i z e d  d i s t i l l e d  w a t e r  h a v i n g  a s p e c i f i c  
t o x i c i t y  g r e a t e r  t h a n  2 , 0 0 0  MU/mg a r e  r e f e r r e d  t o  a s  m a j o r  t o x i n .
Upon a s e c o n d  p a s s a g e  o f  a p o r t i o n  o f  m a j o r  t o x i n  t h r o u g h  a 
B i o - G e l  (4  x 100 cm) c o l u m n ,  t h e  a c t i v i t y  r e m a i n e d  bound t o  t h e  p a c k i n g  
an d  c o u l d  n o t  be e l u t e d  w i t h  d e i o n i z e d  d i s t i l l e d  w a t e r .  The a c t i v i t y  
was e l u t e d  f rom  t h e  co lum n  in  one  s h a r p  p ea k  w i t h  0.1M a c e t i c  a c i d  ( BG 
4 - 7 ,  T a b l e  6 , w h ich  i s  a r e r u n  o f  f r a c t i o n s  1 0 1 - 1 0 9  from ru n  BG4- 4) .
The s e c o n d  p a s s a g e  t h r o u g h  t h e  B i o - G e l  co lum n  d i d  n o t  s i g n i f i c a n t l y  
im p ro v e  t h e  s p e c i f i c  t o x i c i t y  o f  t h e  s a m p l e .  The remova l  o f  s a l t s  
f rom t h e  t o x i n  a p p e a r s  t o  a f f e c t  i t s  b e h a v i o r  on B i o - G e l  c o l u m n s .  T h a t  
t h e  s e p a r a t i o n  i s  riot s t r i c t l y  a g e l  f i l t r a t i o n  p r o c e s s  i s  i n d i c a t e d  
by t h e  f a c t  t h a t  t h e  s a l t s  w e re  e l u t e d  f r om  t h e  co lumn b e f o r e  t h e  t o x i n .  
The b i n d i n g  o f  c e r t a i n  o r g a n i c  g r o u p s  t o  p o l y a c r y l a m i d e  g e l s  h a s  b e e n
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p r e v i o u s l y  r e p o r t e d  ( 6 5 ,  6 6 ) .  The b i n d i n g  a p p e a r s  t o  be a f f e c t e d  by 
t h e  i o n i c  s t r e n g t h  o f  t h e  medium.
TLC o f  ma;jor t o x i n  i n  s o l v e n t  s y s t e m s  A, B, G an d  D showed an 
i n t e n s e  g r e e n  s p o t  when s p r a y e d  w i t h  H2 SO4  and c h a r r e d  ( F i g .  3 ) .  In 
s o l v e n t :  s y s t e m s  A, B and G a much l e s s  i n t e n s e  y e l l o w  s p o t  was o b s e r v e d  
j u s t  b e lo w  t h e  g r e e n  s p o t .  Bo th  s p o t s  w e r e  s c r a p e d  f r om  t h e  p l a t e s ,  
t h e  s c r a p i n g s  e x t r a c t e d  w i t h  w a t e r  and  t h e  e x t r a c t s  i n j e c t e d  i n t o  m i c e .  
Bo th  e x t r a c t s  k i l l e d  m ice  w i t h i n  7 m i n u t e s .  The h i g h  R^ . com pon en t  was 
g i v e n  t h e  name major  t o x i n  H an d  t h e  low co m p o n en t  m a j o r  t o x i n  L.
No o t h e r  s p o t s  w e re  o b s e r v e d  u n d e r  v i s i b l e  o r  l o n g  wave UV l i g h t  a f t e r  
s p r a y i n g  p l a t e s  w i t h  t h e  f o l l o w i n g  r e a g e n t s :  J a f f e ,  B e n e d i c t - B e h r e ,
Weber ,  S a k a g u c h i , d . i a c e t y l - o ( - n a p t h o l , I^SO^ and NBD-C1.
S e p a r a t i o n  o f  M a j o r  T o x i n s  H an d  L
In  o r d e r  t o  d e t e r m i n e  i f  t h e r e  was an y  s e p a r a t i o n  o f  t h e  two 
c o m p o n e n t s  o f  m a j o r  t o x i n  on t h e  B i o - G e l  (4  x 100 cm) c o l u m n ,  s a m p le  
110 . 5 ( T a b l e  5) o f  t h e  e t h a n o l  s o l u b l e  MATF was a p p l i e d  t o  t h e  co lumn 
(B G 4 -5 ,  T a b l e  6 ) .  The f r a c t i o n s  w e re  a s s a y e d  w i t h  t h e  mouse t e s t  and 
a s i n g l e  p e a k  o f  a c t i v i t y  was o b s e r v e d .  A c t i v e  f r a c t i o n s  we re  l y o p h i l -  
i z e d  an d  t h e  r e s i d u e s  w e ig h e d  an d  t a k e n  up i n  d i s t i l l e d  w a t e r  a d j u s t e d  
t o  pH 4 . 0  w i t h  HC1. The i n d i v i d u a l  c o n c e n t r a t e d  f r a c t i o n s  w e re  r u n  on 
TLC i n  s o l v e n t  s y s t e m  C. The d e v e l o p e d  p l a t e  ( F i g .  5) c l e a r l y  showed 
t h a t  m a j o r  t o x i n  H was e l u t e d  s l i g h t l y  a h e a d  o f  m a j o r  t o x i n  L.  F r a c ­
t i o n s  c o n t a i n i n g  b o t h  m a j o r  t o x i n  H and  L we re  c o m b i n e d ,  l y o p h i l i z e d  
an d  r e c h r o m a t o g r a p h e d  on t h e  B i o - G e l  co lum n  (DG 4-8 ,  T a b l e  6 ) .  T h i s  
t i m e  t h e  a c t i v i t y  was bound t o  t h e  co lum n an d  s u b s e q u e n t l y  e l u t e d  w i t h  
0.1M a c e t i c  a c i d .  S i n c e  t h e  T L C - f l u o r o m e t r i c  a s s a y  f o r  PSP was d e v e l ­
o p ed  a b o u t  t h i s  t i m e ,  t h e  a c t i v i t y  was l o c a t e d  by s p o t t i n g  e a c h  f r a c -
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Fig . 5. TLC p a t t e r n  o f  f r a c t io n s  from the  la rg e  diam eter Bio-Gel 
column (BG4-5) in  so lv en t  system C. The p l a t e  was sprayed 
w ith  1 % hydrogen peroxide  and h e a ted .  The spo ts  in d ic a te  
f lu o r e s c e n t  zones under long wave UV l i g h t .  The upper spot 
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t i o n ,  u s i n g  a 6  x 10 cm TLC p l a t e  a s  a s p o t  p l a t e ,  an d  s p r a y i n g  w i t h
H9 0_ an d  h e a t i n g .  F r a c t i o n s  g i v i n g  a f l u o r e s c e n t  s p o t  w e re  f u r t h e r  
^ 2.
e v a l u a t e d  u s i n g  t h e  i n  s i t u  T L C - f l u o r o m e t r i c  a s s a y .  A g a i n ,  m a j o r  t o x i n  
H was e l u t e d  j u s t  p r i o r  t o  m a j o r  t o x i n  L ( F i g .  6 ) .  F r a c t i o n s  c o n t a i n ­
in g  a m i x t u r e  o f  m a j o r  t o x i n  H an d  L f rom r u n s  BG4-7 an d  DG4-8 we re  
a g a i n  c o m b i n e d ,  l y o p h i l i z e d  an d  a p p l i e d  t o  t h e  B io -G e l  co lum n  (B G4-9 ,  
T a b l e  6 ) .  T h i s  t i m e  t h e  co lu m n  was e l u t e d  w i t h  a l i n e a r  g r a d i e n t  o f  
a c e t i c  a c i d ,  0  -  0.1M and  a g a i n  o n l y  p a r t i a l  s e p a r a t i o n  was o b s e r v e d .
S am p le s  o f  t h e  p o i s o n  p r e v i o u s l y  r u n  on t h e  l a r g e  d i a m e t e r  
B i o - G e l  co lum n an d  l y o p h i l i z e d  w e re  d i s s o l v e d  i n  5 m | o f  0 .1  M a c e t i c  
a c i d  and a p p l i e d  t o  a s m a l l e r  d i a m e t e r  B i o - G e l  co lumn ( 2 . 6  x 90 cm ).
The co lum n was e l u t e d  w i t h  0.1M a c e t i c  a c i d .  T a b l e  7 l i s t s  t h e  w e i g h t  
and a c t i v i t y  o f  t h e  s a m p l e  an d  p o o l e d  f r a c t i o n s  f o r  s e v e r a l  r u n s  on 
t h e  s m a l l  d i a m e t e r  B i o - G e l  c o l u m n .  T h i s  s m a l l e r  d i a m e t e r  co lu m n  g a v e  
somewha t  b e t t e r  s e p a r a t i o n  o f  m a j o r  t o x i n  II and m a j o r  t o x i n  L. By 
p o o l i n g  and r e c h r o m a t o g r a p h i n g  f r a c t i o n s  r i c h  i n  o n e  t o x i n  o r  t h e  
o t h e r  on  t h e  s m a l l  d i a m e t e r  B i o - G e l  c o l u m n ,  b o t h  m a j o r  t o x i n s  H and 
L were  i s o l a t e d  ( F i g .  7 ,  8 arid 9 ) .
The H ( ^ - F l u o r e s c e n c e  R e a c t i o n  
H e a t i n g  t h e  p a r a l y t i c  s h e l l f i s h  p o i s o n s  i n  t t i e  p r e s e n c e  o f  
h y d r o g e n  p e r o x i d e ,  b o t h  i n  s o l u t i o n  and  on  TLC p l a t e s ,  was fo und  t o  
i n d u c e  t h e  f o r m a t i o n  o f  f l u o r e s c e n t  d e r i v a t i v e s .  About  25 d i f f e r e n t  
s o l v e n t  s y s t e m s  we re  t r i e d  b e f o r e  one  was fo u n d  w h ic h  was s u i t a b l e  
f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  m a j o r  t o x i n  H, m a j o r  t o x i n  L 
an d  s a x i t o x i n  ( o r  G. t a m a r e n s i s  m i n o r  t o x i n )  on a s i n g l e  TLC p l a t e .  
M i x t u r e s  o f  t h e  t h r e e  p o i s o n s  g a v e  t h r o e  d i s t i n c t  f l u o r e s c e n t  s p o t s  
a f t e r  TLC i n  s o l v e n t  s y s t e m  1 ,  t r e a t m e n t  w i t h  Ho 0 9 an d  h e a t i n g  ( F i g .
i,.  **
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F ig . 6 . The e lu t io n  o f  major to x in  H and major to x in  L from th e
la rg e  d iam eter Bio-Gel column (BG4-8, Table 6 ) .  The peak 
he ig h t  was determined using the  s tandard  i£  s i t u  TLC- 
f lu o ro m e tr ic  a ssay . The column was e lu te d  with deionized  
d i s t i l l e d  w ater followed by 0 .1  M a c e t i c  a c id .
0— 0—  major to x in  H
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TABLE 7. Weight and A c t iv i ty  o f  Sample and Pooled F ra c t io n s  fo r  S evera l 
Runs on th e  Small Diameter (2 .6  x 90 cm) Bio-Gel Column.
Sample and Tube Number A c t iv i ty  Recovery
El.ua n t ( MU)
BG-2.6-1 BG4-5 98-99- 7,250
BG4-8 75-78 1 , 1 2 0
BG4-9 95-98 1 , 0 0 0
T o ta l  Sample 9,370
0.1M A cetic  Acid 93-99- 4,450
E lu t io n 1 0 0 - 1 0 1 ® 1,570
102-106^ 2,260
107-110£ 1,180
T o ta l  Recovered 9,460
BG-2.6-2 BG4-2 102-105- 6,150
86-89 9,700
T o ta l  Sample 15,850
0.1M A cetic  Acid 88-92- 2,410
E lu tio n 93-99- 6,400
100-103^ 2 , 0 0 0
104-108^ 1,500
T o ta l  Recovered 12,310
BG-2.6-3 BG2.6-1 107-110 1,180
BG4-9 99-104 3,650
BG2.6-2 100-103 2 , 0 0 0
T o ta l  Sample 6,830
53
TABLE 7 .  ( c o n t ' d )
0 . 1 M A cetic  Acid 89-92— 1,030
E lu t io n  93- 860
9 4- 960
95-101- 3,740
T o ta l  6,590 96
— Pure Major Toxin H. 
b~  Predom inately Major Toxin H 
c~  Predom inately Major Toxin L
— Pure Major Toxin L, s p e c i f i c  t o x i c i t y  2,333 MU/mg.
— Pure Major Toxin L, s p e c i f i c  t o x i c i t y  4,200 MU/mg
f
— Remainder o f  sample used . A p o r t io n  o f th e  o r i g i n a l  sample had been
used f o r  o th e r  purposes.
54
F ig . 7 E lu t io n  o f  major to x in s  H and L from th e  sm all diam eter
Bio-Gel column (BG2.6-1, Table 7 ) .  The column was e lu te d  
w ith 0 .1  M a c e t i c  a c id .
major to x in  H
O —  O  —
major to x in  L
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Fig . 8 The t o x i c i t y  and e lu t io n  p a t te rn  o f  major to x in s  H and L 
in  f r a c t io n s  from th e  sm all diam eter Bio-Gel column (BG 
2 .6 - 2 ) .  The column was e lu te d  with .1 M a c e t i c  a c id .
A ——• ^  —1" a c t i v i t y  in Mouse Units per ml d e te r ­
mined with th e  mouse t e s t .
O —_ 0 -----  peak he ig h t  (mm) fo r  major to x in  H
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Fig . 9. The t o x i c i t y  and e lu t io n  p a t t e r n  of major to x in s  H and L in
f r a c t io n s  from the  sm all d iam eter  Bio-Gel column (BG2.6-3,
Table 7 ) .  The column was e lu te d  w ith Q .lM  a c e t ic  a c id .
• 4  ^—i— T o x ic i ty  in  Mouse U nits  per ml d e t ­
ermined w ith the  mouse t e s t .
peak h e ig h t  fo r  major to x in  H 
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10)  ( T a b l e  8 ) .  Unde r  l o n g  wave UV l i g h t  t h e  s p o t s  a p p e a r e d  l i g h t  b l u e  
a g a i n s t  a d a r k  b a c k g r o u n d .  The t h r e e  f l u o r e s c e n t  s p o t s  showed up a s  
i n d i v i d u a l  p e a k s  when s c a n n e d  w i t h  t h e  T u r n e r  F l u o r o m e t e r  ( F i g .  1 1 ) .
In  a l l  s o l v e n t  s y s t e m s  t e s t e d ,  m i x t u r e s  o f  s a x i t o x i n  an d  G_. t a m a r e r i s i s  
m i n o r  t o x i n  t r a v e l e d  a s  a s i n g l e  s p o t .  In  o r d e r  t o  d e t e r m i n e  t h e  s p e c ­
i f i c i t y  o f  t h e  ^ O ^ - f l u o r e s c e n c e  r e a c t i o n ,  a number  o f  compounds  w e re  
t e s t e d  ( T a b l e  9 ) .  O n ly  p r o l i n e ,  t y r o s i n e  an d  s t r e p t o m y c i n  s u l f a t e  r e ­
a c t e d  t o  g i v e  F l u o r e s c e n t  s p o t s .  The i n t e n s i t y  o f  t h e s e  s p o t s  upon  
s c a n n i n g  w i t h  t h e  f l u o r o m e t e r ,  h o w e v e r ,  was l e s s  t h a n  1 / 1 0 0  o f  t h e  
i n t e n s i t y  g i v e n  by a n  e q u a l  am oun t  o f  PSP a t  t h e  wave l e n g t h s  u s e d .
When t h e  TLC p l a t e s  w e re  t r e a t e d  w i t h  h y d r o g e n  p e r o x i d e  p r i o r  
t o  d e v e l o p m e n t ,  e a c h  t o x i n ,  i n c l u d i n g  t h e  STX s t a n d a r d ,  g a v e  two f l u o r ­
e s c e n t  s p o t s  ( F i g .  12) ( T a b i c  6 ) .  The e x c i t a t i o n  and e m i s s i o n  maxima 
o f  t h e s e  s e p a r a t e d  f l u o r e s c e n t  d e r i v a t i v e s  f e l l  i n t o  two g r o u p s .  F o r  
e a c h  t o x i n  t e s t e d ,  t h e  h i g h e r  R^ d e r i v a t i v e  had a l o w e r  w a v e l e n g t h  
e x c i t a t i o n  and e m i s s i o n  maximum ( e x c i t a t i o n  3 3 0 - 3 3 4  nm; e m i s s i o n  
3 8 0 - 3 8 6  nm) t h a n  t h e  l o w e r  Rj- f l u o r e s c e n t  d e r i v a t i v e  ( e x c i t a t i o n  3 6 0 -  
362 nm; e m i s s i o n  4 1 2 - 4 1 7  n m ) . The f l u o r e s c e n t  d e r i v a t i v e s  o f  STX and 
G. t a m a r e n s i s  m i n o r  t o x i n  an d  m a j o r  t o x i n  H an d  m a j o r  t o x i n  L a l l  
a p p e a r e d  t o  be n o n - t o x i c  when i n j e c t e d  i n t o  m i c e .
Q u a n t i t a t i v e  M e a s u r e m e n t s
A s t a n d a r d  m i x t u r e  o f  STX an d  m a j o r  t o x i n  was u s e d  t o  d e t e r m i n e  
t h e  e f f e c t  o f  s e v e r a l  v a r i a b l e s  on  t h e  i n t e n s i t y  and s t a b i l i t y  o f  t h e  
f l u o r e s c e n t  d e r i v a t i v e s .  T a b l e  10 shows t h e  e f f e c t  o f  s p r a y i n g  t i m e  
on p e a k  h e i g h t .  F i g u r e  13 shows t h e  e f f e c t  o f  h e a t i n g  t i m e .  A s p r a y ­
i n g  t i m e  o f  30 s e c o n d s  w i t h  1% H2 O2  an d  h e a t i n g  a t  100°  f o r  30 m i n u t e s
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F ig . 10. TLC p a t t e r n  in  so lv en t  system E o f  (a )  s a x i to x in ,  (b) G_.
tam aren s is  minor to x in ,  (c )  s a x i to x in  p lus  minor to x in ,
(d) G. tam arens is  major to x in  H, (e )  major to x in  H p lus  
major to x in  L, ( f )  G. tam aren s is  major to x in  L, and (g) a 
m ixture o f  s a x i to x in ,  minor t o x in ,  and major to x in s  H and 
L. The spo ts  were observed under long wavelength UV l i g h t  
a f t e r  sp ray ing  with and h e a t in g .
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TABLE 8 .  R ^  Values o f  th e  Toxins and t h e i r  F lu o rescen t  D e r i v a t i v e s — 
with E x c i ta t io n  and F luorescence  Maxima.




S ax itox in .58
Low d e r iv a t iv e .29 360 415
High R^ d e r iv a t iv e .75 330 383
Minor Toxin .56
Low R^ . d e r iv a t iv e .28 360 412
High Rf d e r iv a t iv e .74 332 384
Major Toxin H .74
Low R^ . d e r iv a t iv e .15 360 415
High Rf d e r iv a t iv e .57 333 380
Major Toxin L .68
Low R^ d e r iv a t iv e .15 362 417
High Rf d e r iv a t iv e .56 334 386
TLC was run in  so lv en t  system (E).
The f lu o re s c e n t  d e r iv a t iv e s  were ob ta ined  by running TLC p la te s  as 
p rev io u s ly  desc rib ed  with th e  ex cep tion  th a t  a f t e r  sample a p p l ic a ­
t i o n  th e  p la t e s  were sprayed w ith , h ea ted ,  and d e s ic c a te d  fo r  
1 h r ,  producing th e  f lu o r e s c e n t  d e r iv a t iv e s  p r io r  to  development in  
so lv en t  system (E ). A f te r  development, th e  f lu o re s c e n t  spo ts  were 
scraped o f f  th e  p la t e s  and th e  sc rap in g s  e x tra c te d  w ith  2 ml of water 
a d ju s te d  to  pH 4 w ith HC1, and th e  e x t r a c t s  spun in  a c l i n i c a l  cen­
t r i f u g e .  The f lu o rescen ce  sp ec tra  o f  th e  su p e rn a te s  were determ ined.
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Fig . 11. Scans of p l a t e s  s p o t te d  w ith  samples of the  p a r a l y t i c  s h e l l ­
f i s h  poisons and developed us ing  the  s tandard  in  s i t u  TLC- 
f lu o ro m e tr ic  assay .
OR I G  I N
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S O L V E N T  
F RONT
S A X I T OX I N
M I N O R
T O X I N
M A J O R  T O X I N
M A J O R  T O  XI N
MI X T U R E
66
TABLE 9. S p e c i f i c i t y of I^ t^ -F lu o re sc en c e  Reaction f o r  PSP .^
No Fluorescence Fluorescence
Amino Acids: Glutamic ac id P ro lin e





Purine and Pyrim­ U rac i l
id in e  Bases: Guanine
Guanidine Guanidine Streptomycin
D e r iv a t iv e s : su l fa g u a n id in e ^ c re a t in in e  
c r e a t in e  phosphate 
methylguanidine 
g u an id o ace tic  ac id  
aminoguanidine s u l f a t e  
c r e a t in e  hydrate  
phosphocreat ine 
a rg in in o s u c c in ic  acid  
canavanine s u l f a t e
s u l f a t e
— The above compounds were t e s t e d  a t  5 u g /sp o t .
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F ig . 12. TLC p a t t e r n  o f  the  ^ ( ^ - f l u o r e s c e n t  d e r iv a t iv e s  o f  th e  
p a r a ly t i c  s h e l l f i s h  poisons in  so lv en t  system E. The 
p la te s  were s p o t te d  with the  p o iso n s ,  sprayed w ith 1%
HjOg, heated and d e s ic c a te d  fo r  1 hour; then  developed 
in  so lv en t  system E. The spo ts  were observed under long 
wavelength UV l i g h t ,  a ,  b , c ,  d in d ic a te  s a x i to x in ,  
minor to x in ,  major to x in  H and major to x in  L, r e s p e c t iv e ly .
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TABLE 10 . The E f f e c t  o f  S p r a y in g  Time on Peak H e ig h t  —
Sample Spraying Time (seconds)
15 30 45 60
Peak Height (mm)
STX 35 49 52 49
Major Toxin H 145 141 144 126
Major Toxin L 94 94 97 86
A ll th e  va lues  shown were ob ta ined  from a s in g le  20 x 20 cm TLC 
p l a t e .  Four s e t s  o f  two sp o ts  each co n ta in in g  a s tan d a rd  mixture 
o f  STX, Major to x in  H and Major to x in  L were ap p lied  to  th e  p l a t e .  
The p la te  was processed  by th e  s tandard  procedure except t h a t  th e  
p l a t e  was sprayed w ith 1% H2 O2  f o r  a t o t a l  o f  60 seconds. A g la s s  
p l a t e  was moved ac ro ss  th e  p la t e  a t  15 second i n t e r v a l s  to  g ive th e  
sp ray ing  t im es in d ic a te d .
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Fig . 13. The e f f e c t  of h e a t in g  time on peak h e ig h t .  Each p o in t  rep ­
re s e n ts  the  average peak h e ig h t  of 4 spo ts  on two d i f f e r e n t  
5 x 2 0  cm TLC p l a t e s .  The p la t e s  were s p o t te d  w ith a s tan d ­
ard m ixture o f  s a x i to x in ,  major to x in  H and major to x in  L 
and p rocessed  by the  s tandard  procedure fo r  the  in  s i t u
TLC-fluorom etric assay except th a t  the  p la t e s  were heated  
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were  f o u n d  t o  g i v e  op t imum  r e s u l t s .  The s t a b i l i t y  o f  t h e  f l u o r e s c e n t  
d e r i v a t i v e s  an d  t h e  e f f e c t  o f  d e s i c c a t i o n  a r e  shown in  T a b l e  11 .  A f t e r  
d e s i c c a t i o n  f o r  1  h o u r ,  t h e  i n t e n s i t y  o f  t h e  f l u o r e s c e n t  s p o t s  r e m a i n e d  
e s s e n t  i a l l y  c o n s t a n t  for '  a t  l e a s t  24 h o u r s . R e p e a t e d  s c a n s  o f  t h e  same 
p l a t e  d i d  n o t  a f f e c t  t h e  p e a k  h e i g h t s  o b s e r v e d .  U s in g  t h e  s t a n d a r d  
p r o c e d u r e  f o r  t h e  j_n s i t u  T L C - f l u o r o m e t r i e  a s s a y  d e s c r i b e d  in t h e  
m e th o d s  s e c t i o n ,  f i v e  d u p l i c a t e  s a m p l e s  c o n t a i n i n g  0 . 2 4  ug o f  s a x i t o x i n  
s t a n d a r d  g a v e  a mean p e a k  h e i g h t  o f  3 3 . 2 - 0 . 7  mm and f i v e  d u p l i c a t e  
s a m p l e s  c o n t a i n i n g  0 . 2 4  ug o f  m a j o r  t o x i n  H g a v e  a mean peak h e i g h t  
o f  3 3 . 4 - . 9 2  mm.
F o r  a l l  t h e  t o x i n s  t e s t e d ,  t h e r e  a p p e a r e d  t o  be a l i n e a r  r e l a ­
t i o n s h i p  b e t w e e n  t i re p ea k  h e i g h t  a n d  t h e  amount  o f  t o x i n  . a p p l i e d  b e ­
tw ee n  40 and 400 ng o f  t o x i n  p e r  s p o t  ( F i g .  1 4 ,  1 5 ) .  Above 400 ng p e r  
s p o t ,  t h e  f l u o r e s c e n c e  b e g a n  t o  f a l l  o f f ,  p o s s i b l y  d m 1 t o  q u e n c h i n g .
A f t e r  maj 'or  t o x i n  H an d  m a j o r  t o x i n  L had b e e n  i s o l a t e d  and  
s t a n d a r d  s o l u t i o n s  p r e p a r e d ,  i t  was p o s s i b l e  t o  d e t e r m i n e  t h e  c o n c e n ­
t r a t i o n  o f  a l l  t h r e e  p a r a l y t i c  s h e l l f i s h  p o i s o n s  p r e s e n t  i n  a s o l u t i o n  
u s i n g  t h e  i n  s i t u  T L C - f l u o r o m e t r i e  a s s a y .  M u l t i p l y i n g  t h e  c o n c e n t r a ­
t i o n  i n  u g / m l ,  d e t e r m i n e d  f rom t h e  g r a p h ,  by t h e  s p e c i f i c  a c t i v i t y  i n  
MU^pg g i v e s  t h e  number  o f  MU/ml. T h i s  v a l u e  c a n  be co m p ar ed  w i t h  t h e  
v a l u e  o b t a i n e d  u s i n g  t h e  mouse t e s t  ( T a b l e  1 2 ) .  Good a g r e e m e n t  was o b ­
s e r v e d  b e t w e e n  t h e  f l u o r o m e t r i c  a s s a y  and  t h e  mouse t e s t  f o r  f r a c t i o n s  
o f f  t h e  B i o - G e l  co lu m n  an d  p a r t i a l l y  p u r i f i e d  p r e p a r a t i o n s  o f  G_. 
t a m a r e n s  i s  m i n o r  t o x i n .
P h y s i c a l  and  C h e m i c a l  P r o p e r t i e s  o f  t h e  G. t a m a r e n s i s  P o i s o n s
P u r i f i e d  p r e p a r a t i o n s  o f  m i n o r  t o x i n ,  m a j o r  t o x i n  !I a n d  m a j o r  
t o x i n  L when i n j e c t e d  i n t o  m ice  p r o d u c e d  symptoms i d e n t i c a l  t o  t h o s e
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TABLE 11. The S t a b i l i t y  o f  th e  F lu o rescen t  D e r iv a t iv e s  w ith Time and





0 1 4 24
Peak Height (mm)
.1 14 12 11 12
.2 24 22 21 22
.3 31 27 27 29
.4 38 35 34 36






0 1 4 24
Peak Height (mm)
.1 9 10 10 10
.2 22 20 20 22
.3 30 30 28 31
.4 38 37 37 39
.5 47 46 44 47
TABLE 1 1 .  ( c o n t ' d )
Two major to x in  H s tandard  curves  were sp o t te d  on a s in g le  20 x 
20 cm TLC p l a t e .  The p l a t e  was p rocessed  by th e  s tan d a rd  pro­
cedure except t h a t  a f t e r  removal from th e  oven, th e  p la t e  was 
c u t  in  two. One h a l f  o f  th e  p la te  was d e s ic c a te d  fo r  1 hour 
over calcium  c h lo r id e  and th en  scanned a t  th e  tim e i n t e r v a l s  
in d ic a te d .  The o th e r  h a l f  o f  th e  p la te  was scanned im mediately, 
ommitting th e  d e s ic c a t io n  s t e p ,  and ag a in  a t  th e  tim e in t e r v a l s  
i n d ic a te d .
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Fig . 14. Typical c a l i b r a t i o n  curves fo r  s a x i to x in  and G.
major to x in s  H and L using the  s tan d a rd  j_n s i t u  
im e tr ic  a ssay .
Jk**a s a x i to x in
#  " — major to x in  H
p . . .  / § • • •  major to x in  L
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Fig . 15. T ypica l c a l i b r a t i o n  curve f o r  (5. tam arens is  minor to x in  
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TABLE 12. E s tim ation  o f  Toxin C oncen tra tion  and A c t iv i ty  Using the  
In S i tu  TLC-Fluorometric Assay and Comparison with Values Determined
w ith  th e  Mouse T e s t .
Sample No.
g
— In S i tu  TLC-Fluorometric Assay Mouse Test





1 - - - -
2 8 _ 14 24
3 65 - 117 109
4 113 - 203 192
5 126 - 226 194
6 70 4 143 198
7 62 8 146 184
8 11 8 100 127
9 - 24 101 102
10 - 98.1 543 500
11 - 18.3 100 100
a
Samples 1 through 9 were f r a c t io n s from a ty p i c a l run o f major to x in
on a Bio-Gel column. Samples 10 and 11 were p a r t i a l l y  p u r i f i e d  
p re p a ra t io n s  o f  minor t o x in .
— C alcu la ted  by m u lt ip ly in g  j ig  MA H/ml by 1 .8 ,  jug MA L/ml by 4 .2 ,  and 
j ig  STX by 5.5 (See t e x t ) .
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o f  STX, n a m e l y ,  n e r v o u s n e s s ,  a t a x i a ,  c o n v u l s i o n s ,  r e s p i r a t o r y  d i s t r e s s ,  
p a r a l y s i s  and  d e a t h ,  u s u a l l y  w i t h i n  e i g h t  m i n u t e s ,  d e p e n d i n g  on t h e  
d o s e .  G_. t a m a r e n s  i s  m a j o r  an d  m i n o r  t o x i n s  a l s o  p r o d u c e  symptoms 
s i m i l a r  t o  STX ( 6 7 ,  6 8 , 69)  when i n j e c t e d  ( i n t r a  g a s  b l a d d e r )  i n t o  
k i l l i f i s h  ( F u n d u l i s  h e t e r o c l i t i i s  ) ,  n a m e l y ,  s e c t o r a l  d a r k e n i n g  o f  l i g h t  
a d a p t e d  f i s h  an d  d e a t h .
L y o p h i l i z e d  s a m p l e s  o f  a l l  t h r e e  G_. t a m a r e n s  i s  t o x i n s  w e re  l i g h t ; ,  
f l u f f y  w h i t e  s o l i d s  w h i c h  r a p i d l y  p i c k e d  up w a t e r  when e x p o s e d  t o  t h e  
a i r ,  mak ing a c c u r a t e  w e i g h i n g  d i f f i c u l t .  A l l  t h r e e  t o x i n s  w e re  s o l u ­
b l e  i n  w a t e r  an d  l o w e r  a l c o h o l s  a n d  i n s o l u b l e  in  l i p i d  s o l v e n t s .  M a j o r  
t o x i n  L a p p e a r e d  t o  be l e s s  s o l u b l e  i n  c o l d  e t h a n o l  t h a n  m a j o r  t o x i n  H 
s i n c e  i t  a p p e a r e d  t o  be c o n c e n t r a t e d  i n  t h e  i n s o l u b l e  s i d e  f r a c t i o n s  
o b t a i n e d  d u r i n g  t h e  e t h a n o l  e x t r a c t i o n  p r o c e d u r e .  No u l t r a v i o l e t  o r  
v i s i b l e  a b s o r p t i o n  a b o v e  220  mu was o b s e r v e d  f o r  t h e  G_. t a m a r e n s  i s  
p o i s o n s  ( T a b l e  1 3 ) .
The s p e c i f i c  t o x i c i t y  o f  t h r e e  d i f f e r e n t  p r e p a r a t i o n s  o f  m a j o r  
t o x i n  H was d e t e r m i n e d .  The v a l u e s  o b t a i n e d  w e r e  1 , 8 0 0  MU/ing; 1 , 3 8 3  
MU/mg; an d  1 , 2 7 8  MU/mg. The s p e c i f i c  t o x i c i t y  o f  two p r e p a r a t i o n s  o f  
m a j o r  t o x i n  L was d e t e r m i n e d .  The v a l u e s  o b t a i n e d  we re  2 , 3 3 3  MU/mg 
a n d  4 , 2 2 0  MU/mg. A l t h o u g h  c a r e  was t a k e n  t o  a v o i d  p o s s i b l e  s o u r c e s  
o f  e r r o r ,  t h e  s m a l l  q u a n t i t i e s  a v a i l a b l e  an d  t h e  h y d r o s c o p i c  n a t u r e  o f  
t h e  p o i s o n s  made a c c u r a t e  w e i g h t  d e t e r m i n a t i o n s  v e r y  d i f f i c u l t ,  e v e n  
when t h e  b a l a n c e  a n d  s a m p l e s  w e re  p l a c e d  i n  a d r y  g l o v e  box .
TLC o f  STX an d  t h e  G^ . t a m a r e n s  i s  m a j o r  and  m i n o r  t o x i n s  i n  
f o u r  d i f f e r e n t  s o l v e n t  s y s t e m s  i s  shown i n  F i g .  4 .  The c o l o r  r e a c t i o n s  
g i v e n  by STX a n d  t h e  m a j o r  an d  m i n o r  t o x i n s  a f t e r  TLC i n  s o l v e n t  A and 
t r e a t m e n t  w i t h  d i f f e r e n t  s p r a y  r e a g e n t s  a r e  l i s t e d  i n  T a b l e  1 4 .  I n
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TABLE 13. UV-Visible Spectrum o f  th e  G. tam aren s is  Toxins.
Absorbance— Major Toxin L Major Toxin H Minor Toxin
(nm) 100  ug/ml lOOug/ml 400 MU/ml
700 .0 0 .0 0 .0 0
680 .0 0 .0 0 .0 0
660 .0 0 .0 0 .0 0
640 .0 0 .0 0 .0 0
620 .0 0 .0 0 .0 0
600 .0 0 .0 0 .0 0
580 .0 0 .0 0 .0 0
560 .0 0 .0 0 .0 0
540 .0 0 .0 0 .0 0
520 .0 0 .0 0 .0 0
500 .0 0 .0 0 .0 0
480 .0 0 .0 0 .0 0
460 .0 0 .0 0 .0 0
440 .0 0 .0 0 .0 0
420 .0 0 .0 0 .0 0
400 .0 0 .0 0 .0 0
380 .0 0 .0 0 .0 0
360 .0 0 .0 0 .0 0
340 .0 0 .0 1 .0 0
320 .0 1 .0 2 .0 1
300 .02 .03 .03
280 .03 .04 .04
260 .05 .07 .06
240 .07 .09 .1 0
220 .74 .56 .82
215 1.46 1.09 1.43
g
— The absorbance was determined using 100 u l  quartz  c e l l s  and a Beckman
DU-2 spec trophotom eter.
TABLE 14 . C o lo r  R e a c t io n s  o f  STX and t h e  G. T a m are n s is  M ajor and Minor T ox in s  w i th  D i f f e r e n t  TLC S p ray
a
R eagen ts .—
Spray STX—
cMajor Toxin H— cMajor Toxin L— Minor toxin^-
J a f f e  ( p i c r i c  ac id ) Orange Neg. Neg. Orange
Benedict-Behre
( 3 ,5 -d in i t ro b e n zo ic  ac id ) Purple Neg. Neg. Purple
Weber ( f e r r ic y a n id e -  
n i t r o p ru s s id e ) Pink Pink Pink Pink
d
Sakaguchi” Neg. Neg. Neg. Neg.
e
Diacetyl-** -naph tho l— Blue Neg. Neg. Blue
Ninhydrin Yellow Neg. Neg. Yellow
— Chromatograms were run on precoated  s i l i c a  ge l g la s s  p l a t e s .  The samples were t e s t e d  a t  25 ug per sp o t ,  
b
— S ax itox in  and minor to x in  were chromatographed in  so lv en t  system A. 
c
— Major to x in s  H and L were chromatographed in  so lv en t  system E. 
d
“  At a l e v e l  o f  25 ug per spot both major to x in  H and L gave a very f a i n t  yellow sp o t ,  
e
— Both major to x in s  H and L gave a very weak purple  spot a t  25 ug per sp o t .
00
to
e a c h  c a s e  t h e  a c t i v e  co m p o n en t  o f  m i n o r  t o x i n  c o - e h r o m a t o g r a p h e d  w i t h  
s a x i t o x i n  an d  g a v e  i d e n t i c a l  c o l o r  r e a c t i o n s .  I m p u r i t i e s  in  t h e  m in o r  
t o x i n  showed up a s  a d d i t i o n a l  s p o t s  ( d i f f e r e n t  Rp v a l u e s )  when p l a t e s  
we re  o b s e r v e d  u n d e r  l o n g  wave UV l i g h t  o r  t r e a t e d  w i t h  t h e  S a k a g u c h i , 
d i a c e t y l - n a p h t h o l  , o r  NBD-C1 r e a g e n t s .  The c o l o r  r e a c t i o n s
g i v e n  by a number  o f  g u a n i d i n e  d e r i v a t i v e s  a r e  shown in  T a b l e  1 5 .  
A l t h o u g h  s a x i t o x i n  i s  known t o  c o n t a i n  t h e  g u a n i d i n e  r e s i d u e ,  i t s  
p r e s e n c e  i n  G.  t a m a r e n s  i s  ma.-jor t o x i n  h a s  not: b e e n  e s t a b l i s h e d  o r  
r u l e d  o u t .  H o w e v e r ,  e v i d e n c e  p r e s e n t e d  i n  t h e  f o l l o w i n g  s e c t i o n  
s u g g e s t s  t h a t  m a j o r  t o x i n  an d  s a x i t o x i n  a r e  s t r u c t u r a l l y  r e l a t e d ,  and 
t h e r e f o r e ,  t h a t  t h e  g u a n i d i n e  r e s i d u e  may be p r e s e n t  i n  t h e  m a j o r  t o x i n .  
The e s s e n t i a l l y  n e g a t i v e  S a k a g u c h i  t e s t  g i v e n  by t h e  m a j o r  t o x i n  would  
r u l e  o u t  a m o n o - s u b s t i t u t e d  g u a n i d i n e .  The n e g a t i v e  J a f f a  an d  B e n e d i c t -  
B eh re  would  t e n d  t o  r u l e  o u t  a c a r b o n y l  f u n c t i o n  a d j a c e n t  t o  one  o f  t h e  
g u a n i d i n u m  n i t r o g e n  a t o m s  a s  i s  p r e s e n t  i n  c r e a t i n i n e  w h ic h  g i v e s  a 
p o s i t i v e  r e a c t i o n  w i t h  t h e  l a t t e r  two s p r a y s .  S i n c e  t h e  Weber and  
d i a c e t y l  - ^ - n a p h t h o l  t e n d  t o  g i v e  more  p o s i t i v e  r e a c t i o n s  w i t h  t h e  l e s s  
h i g h l y  s u b s t i t u t e d  g u a n i d i n e s ,  t h e  n e g a t i v e  t e s t  by m a j o r  t o x i n  i n  t h e  
d i a c e t y l - n a p h t h o l  r e a c t i o n  may i n d i c a t e  a n  a d d i t i o n a l  mode o f  s u b ­
s t i t u t i o n  p r e s e n t  on a g u a n i d i n e  r e s i d u e  n o t  p r e s e n t  i n  s a x i t o x i n  s i n c e  
t h e  l a t t e r  compound show s  a p o s i t i v e  r e a c t i o n  w i t h  t h i s  r e a g e n t .
S t a b i l i t y  an d  I n t e r c o n v e r s i o n  o f  t h e  T o x i n s  
M a jo r  t o x i n s  H a n d  L w e re  e a c h  d i l u t e d  t o  a c o n c e n t r a t i o n  o f  
2 u g / m l  w i t h  e i t h e r  10 rnM Nall^PO^ o r  10 mM NailCQg. T h e s e  d i l u t i o n s ,  
w h ich  g a v e  a f i n a l  pH o f  a b o u t  4 . 7  an d  8 . 2 ,  r e s p e c t i v e l y ,  we re  p l a c e d  
i n  a w a t e r  b a t h  a t  1 6 °  f o r  30 h o u r s  o r  93°  f o r  30 m i n u t e s .  A f t e r  t h e  
i n c u b a t i o n  p e r i o d ,  t h e  s a m p l e s  a t  pH 8 . 2  w e re  a d j u s t e d  t o  pH 4 - 5  w i t h
TABLE 15 . C o lo r  R e a c t io n s  G iven  by G u a n id in e  D e r i v a t i v e s  w i th  S e v e r a l  Sp ray  R e a g e n ts
c d eBenedict-Behre— Sakaguchi-  Webber —J a f f e —
5 ug 25 ug
D ia c e ty l -  «■<- 
b
naphthol 





















































TABLE 15. ( c o n t ’d) 
p o s i t iv e  r e a c t io n  in  th e  J a f f e e  t e s t  i s  an orange sp o t .
p o s i t iv e  r e a c t io n  with th e  D ia c e ty l-° ( -n a p h th o l  spray i s  a pink o r orange sp o t ,
p o s i t iv e  r e a c t io n  with th e  Benediet-Behre spray  i s  a purp le  o r  orange sp o t ,
p o s i t iv e  re a c t io n  with th e  Sakaguchi spray i s  a pink sp o t ,




HC1. One h a l f  o f  each sample was used f o r  th e  mouse a ssa y ,  th e  o th e r  
h a l f  was ly o p h i l iz e d  and th e  re s id u e  taken  up in  s u f f i c i e n t  d i s t i l l e d  
water to  give a f i n a l  c o n c e n tra t io n  o f  40 ug/ml. These l a t t e r  p rep a r­
a t io n s  were th en  ev a lu a ted  using th e  TLC-fluorometrie a ssay  (F ig .  16 
and Table 16). At pH 4 .7  major to x in  H appeared t o  be u n a ffec ted  
even a f t e r  h ea t in g  a t  93°C fo r  30 m inutes; while major to x in  L was 
p a r t i a l l y  converted  to  major to x in  H a t  both 16°C and 93°C. At pH 
8 .2 ,  both major to x in s  H and L were destroyed  by h e a t in g ,  co n d i t io n s  
which r e s u l t e d  in  th e  appearance o f  a sm all peak corresponding t o  th e  
p o s i t io n  o f  STX on th e  TLC p l a t e .  Major to x in  H appeared to  be un­
changed a f t e r  30 hours a t  pH 8.2 a t  16°C.
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F ig . 16. Scans o f  TLC p la te s  from a pH-temperature s t a b i l i t y  s tudy 
o f major to x in  H and major to x in  L under the  fo llow ing  
c o n d i t io n s :  (a )  pH 4 .7 ,  16°C f o r  30 h r ;  (b) pH 4 .7 ,  93°C 
fo r  30 min; (c )  pH 8 .2 ,  16°C f o r  30 h r ;  (d) pH 8 .2 ,  93°C 
fo r  30 min. Scan (e) i s  a b lank . (Refer to  Table 16 and 
the t e x t  f o r  f u r th e r  d e t a i l s . )
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TABLE 16 . S t a b i l i t y  o f  M ajor T o x in s  H and L
C o n d i t i o n s TLC-
g
F l u o r o m e t r i c  A s s a y — Mouse T e s t
pH Temp. Time C o n c e n t r a t i o n A c t i v i t y — Act  i v i t y
( ° c ) ( h r ) ( u g / m l ) (MU/ml) (MU/ml)
MA H MA L STX
M a j o r T o x i n H
4 . 7 16 30 34 4 0 3 . 9 3 . 6
4 . 7 93 .5 36 4 0 4 . 0 4 . 6
8 . 2 16 30 40 0 ( £ 3 . 6 4 . 0
8 . 2 93 .5 0 0 0 - 0 0
M a j o r T o x i n L
4 . 7 16 30 17 ] 8 0 5 . 3 7 . 6
4 . 7 93 .5 28 15 0 5 . 6 7 . 1
8 . 2 16 30 14 8 9 5 . 4 7 . 1
8 . 2 93 .5 0 0 0— 0 0
— The i_n s i t u T L C - f l u o r o m e t r i c  a s s a y  was done  on s o l u t i o n s  c o n c e n t r a t e d  
t o  g i v e  a n  i n i t i a l  c o n c e n t r a t i o n  o f  m a j o r  t o x i n  H o r  L o f  40 u g / m l  
( s e e  t e x t ) .
— C a l c u l a t e d  by m u l t i p l y i n g  ug MA H by 1 . 8 , ug MA L by 4 . 2 ,  an d  ug 
STX/ml by 5 . 5  and  d i v i d i n g  t h e  sum by 20 t o  c o r r e s p o n d  t o  t h e  i n i t i a l  
c o n c e n t r a t i o n  o f  2  ug p e r  ml u s e d  i n  t h e  mouse a s s a y .
c
~  A l t h o u g h  a s m a l l  p e a k  was d i s c e r n a b l e ,  i t s  v a l u e  was n e g l i g i b l e  
( s e e  F i g . 1 6 ) .
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DISCUSSION
U n l i k e  G . c a t e n e l l a  a n d  s h e l l f i s h  e x p o s e d  t o  G . c a t e n e l l a  
w h ich  a p p e a r  t o  c o n t a i n  o n l y  s a x i t o x i n ,  e x t r a c t s  o f  G. t a m a r e n s i s  
and  s h e l l f i s h  e x p o s e d  t o  G . t a m a r e n s i s  a p p e a r  t o  c o n t a i n  a m i x t u r e  o f  
a t  l e a s t  t h r e e  t o x i n s .  T a b l e  17 shows a summary o f  t h e  r e s u l t s  o b ­
t a i n e d  by d i f f e r e n t  r e s e a r c h e r s  d u r i n g  t h e  i s o l a t i o n  o f  p o i s o n  f rom 
s h e l l f i s h  e x p o s e d  t o  a ’’.red t i d e " .  In  a g r e e m e n t  w i t h  e a r l i e r  r e p o r t s  
on t h e  b e h a v i o r  o f  G_. t a m a r e n s i s  p o i s o n  f rom s c a l l o p s  ( 8 ) ,  m u s s e l s  ( 5 6 )  
T a b l e  17)  and c u l t u r e s  o f  G_. t a m a r e n s i s  ( 3 )  t h e  m a j o r i t y  o f  p o i s o n  
i n  o u r  e x t r a c t s  o f  Mya a r e n a r i a  was n o t  f i r m l y  bound t o  s o d iu m  Amber­
l i t e  IRC-50 co lu m n s  b u t  was e l u t e d  w i t h  pH 4 a c e t a t e  b u f f e r  a l o n g  w i t h  
t h e  m a j o r i t y  o f  i n e r t  m a t e r i a l .  A r e c e n t  r e p o r t  by S h im i z u  ej__ al_. ( 7 0 )  
c o n f i r m s  t h i s  o b s e r v a t i o n .
Our r e s u l t s  ( T a b l e s  2 an d  3) show t h a t  t h r e e  a c t i v e  f r a c t i o n s  
w e re  e l u t e d  from t h e  s o d iu m  A m b e r l i t e  IRC-50 c o lu m n .  The f i r s t -  
a c t i v e  f r a c t i o n  w h ich  was e l u t e d  d u r i n g  t h e  s a m p l e  a p p l i c a t i o n  and  
f i r s t  w a t e r  r i n s e  c o n t a i n e d  a b o u t  18% o f  t h e  a c t i v i t y  a p p l i e d .  The 
s e c o n d  a c t i v e  f r a c t i o n  ( m a j o r  t o x i c  f r a c t i o n ) ,  a c c o u n t i n g  f o r  35% 
o f  t h e  a p p l i e d  a c t i v i t y ,  was e l u t e d  w i t h  pH 4 a c e t a t e  b u f f e r .  The 
t h i r d  a c t i v e  f r a c t i o n  ( m i n o r  t o x i c  f r a c t i o n ) ,  e l u t e d  w i t h  0.5M a c e t i c  
a c i d ,  a c c o u n t e d  f o r  25% o f  t h e  a p p l i e d  a c t i v i t y .  S h im i z u  e t  al_. ( 7 0 )  
r e p o r t e d  t h e  l o s s  o f  a l a r g e  p o r t i o n  o f  t h e  t o x i c i t y  i n  t h e  f r a c t i o n  
e l u t e d  w i t h  s o d iu m  a c e t a t e  b u f f e r  ( m a j o r  t o x i c  f r a c t i o n ) ,  a p p a r e n t l y  
due  t o  t h e  s t r o n g  b a s i c i t y  o f  t h e  e l u a t e .  In o u r  work t h i s  p r o b l e m  
was m i n i m i z e d  by w a s h i n g  t h e  so d ium  A m b e r l i t e  IRC-50 r e s i n  w i t h  s u f ­
f i c i e n t  d e i o n i z e d  d i s t i l l e d  w a t e r  t o  b r i n g  t h e  pH o f  t h e  e l u a t e  down t o
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TABLE 1 7 .  Summary o f  t h e  R e s u l t s  O b t a i n e d  D u r i n g  I s o l a t i o n  o f  t h e  T o x i c  
S u b s t a n c e s ,  P r e s e n t  i n  S h e l l f i s h  E x p o s e d  t o  a ’Red T i d e ’ , by t h e  S c h a n t z
e t  a l .  ( 3 2 )  P r o c e d u r e .
T h i s  T h e s i s — S c h a n t z  ( 1 9 5 7 ) E vans  (1 9 7 0 )
S t a r t i n g  M a t e r i a l E-2 E-3
w hol e  f r e s h  w e i g h t  ( k g ) 1 0 23 - 5
m ea t  an d  j u i c e  ( k g ) 3 .3 — 1 1 . 0
a
2 . 1
C e l i t e  F i l t r a t e
s o l i d s  ( g ) 2 1 . 8 786 2 , 9 0 0 -
t o t a l  a c t i v i t y  (MUxlO^) 1 . 6 3 4 . 7 2 57 .85
s p e c i f i c  a c t i v i t y  (MU/mg) 7 . 5 . 6 2 -
A m b e r l i t e  IRC-50 co lum n
M a j o r  T o x i c  F r a c t i o n ^
s o l i d s  ( g ) 7 1 . 1 282 - -
t o t a l  a c t i v i t y  (MUxlO^) 5 . 2 1 2 . 4 - 3 . 8
s p e c i f i c  a c t i v i t y  (MU/mg) .7 .44 -
c
M in o r  T o x i c  F r a c t i o n
s o l i d s  ( g ) 1..05 9 . 2
d
1 3 . 5 - -
t o t a l  a c t i v i t y  (MUxlO^) 2 . 7 1 0 . 6 540 1 . 5
s p e c i f i c  a c t i v i t y  (MU/mg) 2 6 . 3 1 1 . 5 400 -
A m b e r l i t e  CG-50 co lum n
M in o r  T o x i n
s o l i d s  (mg) 2 4 . 8 6 4 . 6 5 , 4 0 0 1 . 8
t o t a l  a c t i v i t y  (MUxlO^) 3 . 2 8 . 9 480 .28
s p e c i f i c  a c t i v i t y  (MU/mg) 1 , 3 1 0 1 , 3 8 3 890 1 , 5 5 0
S t r a i n e d  mea t
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TABLE 1 7 .  ( c o n t ’ d)
— This to x ic  f r a c t i o n  i s  found only in  s h e l l f i s h  exposed t o  G. 
ta m a re n s is . I t  i s  not p re se n t  in  th e  Schantz column because t h i s  
work was performed on G. c a tan e l la -e x p o se d  s h e l l f i s h  from th e  West 
C o as t .
c
~  The s p e c i f i c  a c t i v i t y  was no t given a t  t h i s  s ta g e .  Repeated runs 
on a Sephadex G-10 column bi'ought th e  a c t i v i t y  to  270 MU/mg. This 
sample was e s t im ated  to  be 90% NaCl.
— minus ash co n ten t
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pH 8 - 9  p r i o r  t o  s a m p l e  a p p l i c a t i o n  and  by a d j u s t i n g  t h e  a c e t a t e  b u f f e r  
e l u a t e  t o  pH 4 w i t h  HC1 i m m e d i a t e l y  a f t e r  e l u t i o n  f r om  t h e  c o l u m n .
When m a t e r i a l  f rom  t h e  f i r s t  o r  s e c o n d  t o x i c  f r a c t i o n s  was r e c h r o m a ­
t o g r a p h e d  on  a s m a l l e r  s o d iu m  A m b e r l i t e  IRC-50 c o l u m n ,  two t o x i c  f r a c ­
t i o n s  w e re  o b t a i n e d :  one  e l u t e d  d u r i n g  t h e  s a m p l e  a p p l i c a t i o n  an d  f i r s t
w a t e r  r i n s e ;  an d  a s e c o n d  e l u t e d  w i t h  pH 4 a c e t a t e  b u f f e r ,  c o r r e s p o n d i n g  
t o  t h e  m a j o r  t o x i c  f r a c t i o n .  When m a t e r i a l  f rom t h e  t h i r d  t o x i c  f r a e -  
t i o n  ( m i n o r  t o x i c  f r a c t i o n ) was r e c h r o m a t o g r a p h e d  on a s m a l l e r  so d iu m  
A m b e r l i t e  IRC-50 c o lum n  o n l y  one p e a k  o f  a c t i v i t y  was e l u t e d .  T h i s  
p e a k  e l u t e d  w i t h  0 . 5  M a c e t i c  a c i d  a n d  c o r r e s p o n d e d  t o  t h e  m i n o r  t o x i c  
f r a c t i o n .  T h e s e  o b s e r v a t i o n s  s u g g e s t e d  t h a t  a t  l e a s t  tw o  p o i s o n s  we re  
p r e s e n t  i n  o u r  c r u d e  e x t r a c t s .  I t  i s  p o s s i b l e  t h a t  t h e  a c t i v e  m a t e r i a l  
e l u t e d  d u r i n g  t h e  s a m p l e  a p p l i c a t i o n  a n d  f i r s t  w a t e r  r i n s e  was  n o t  i d e n ­
t i c a l  t o  m a j o r  t o x i n .  H o w e v e r ,  t h e  a c t i v e  c o m p o n e n t s  i n  t h e  f i r s t  and  
s e c o n d  t o x i c  f r a c t i o n s  a r e  mos t  l i k e l y  i d e n t i c a l ,  t h e  f i r s t  t o x i c  f r a c ­
t i o n  p r o b a b l y  s i m p l y  a r i s i n g  f r o m  s a t u r a t i o n  o f  t h e  r e s i n .
The r a t i o  o f  a c t i v i t y  i n  t h e  m i n o r  t o x i c  f r a c t i o n  t o  t h e  
a c t i v i t y  i n  t h e  m a j o r  t o x i c  f r a c t i o n  v a r i e s  w i d e l y  b e t w e e n  r e p o r t s .
T h i s  v a r i a b i l i t y  may be due t o  s e v e r a l  f a c t o r s  i n c l u d i n g :  ( l )  t h e
s o u r c e  o f  p o i s o n  ( c l a m s ,  m u s s e l s  o r  c u l t u r e s  o f  G. t a m a r e n s i s ) ;
( 2 ) t h e  p o r t i o n  o f  t h e  s h e l l f i s h  u s e d ;  (.3) t h e  l e n g t h  o f  t i m e  b e t w e e n  
t h e  o c c u r r e n c e  o f  a " r e d  t i d e "  and c o l l e c t i o n  o f  t h e  s h e l l f i s h ;  ( 4 )  
t h e  t i m e  b e t w e e n  c o l l e c t i o n  and s u b s e q u e n t  work u p ;  an d  ( 5 )  t h e  p a r t i c u ­
l a r  m e t h o d o l o g y  u s e d .  We h av e  o b s e r v e d  a g r a d u a l  i n c r e a s e  i n  t h e  
a c t i v i t y  o f  t h e  m i n o r  t o x i c  f r a c t i o n  r e l a t i v e  t o  t h e  m a j o r  t o x i c  f r a c ­
t i o n  iri t h r e e  c o n s e c u t i v e  r u n s  o f  t h e  s o d iu m  A m b e r l i t e  IRC-50 co lu m n  
o v e r  a s i x  month  p e r i o d .  The s t a r t i n g  m a t e r i a l  f o r  a l l  t h r e e  r u n s  
was t h e  same b a t c h  o f  c l a m s  c o l l e c t e d  d u r i n g  t h e  1972 New E n g l a n d
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" r e d  t i d e " .  A s i m i l a r  o b s e r v a t i o n  l e d  G h a z a r o s s i u n  et_ al_. ( 5 9 )  t o  
s p e c u l a t e  t h a t  G. t a m a r e n s i s  p r o d u c e s  a l e s s  b a s i c  p r e c u r s o r  ( m a j o r  
t o x i n )  w h ich  b r e a k s  down i n t o  s a x i t o x i n  ( m i n o r  t o x i n )  on a g i n g .
The a c t i v e  co m p o n en t  p r e s e n t  i n  t h e  m i n o r  t o x i c  f r a c t i o n  b e ­
h av e d  s i m i l a r l y  t o  s a x i t o x i n  on h y d r o g e n  A m b e r l i t e  CC-50 c o l u m n s .  
F o l l o w i n g  t h e  p r o c e d u r e  o f  S c h a n t z  et_ a l . (.32) f o r  t h e  i s o l a t i o n  o f  
s a x i t o x i n ,  G . t a m a r e n s i s  m i n o r  t o x i n  h a s  b ee n  p u r i f i e d  t o  a s p e c i f i c  
t o x i c i t y  a s  h i g h  a s  2 , 8 0 0  MU/mg ( T a b l e  4 ) .  T h i s  i s  abou t  on e  h a l f  
t h e  t o x i c i t y  o f  p u r e  s a x i t o x i n  ( 3 3 )  b u t  c o m p a r e s  f a v o r a b l y  w i t h  t h e  
a c t i v i t y  o f  s a x i t o x i n  a t  t h i s  s t a g e  i n  t h e  i s o l a t i o n  p r o c e d u r e .  
C h r o m a t o g r a p h y  on an  a l u m i n a  co lum n  em ployed  i n  t h e  f u r t h e r  p u r i f i ­
c a t i o n  o f  s a x i t o x i n  was n o t  a t t e m p t e d  due t o  t h e  low y i e l d s  r e p o r t e d  
f o r  t h i s  s t e p  ( 3 2 ) .  TLC s t u d i e s  w e re  u s e d  t o  t e s t  t h e  h y p o t h e s i s  t h a t  
G . t a m a r e n s  i s  m i n o r  t o x i n  an d  s a x i t o x i n  w e re  i d e n t i c a l .  In  e v e r y  s o l ­
vent: s y s t e m  e m p l o y e d ,  G. t a m a r e n s  i s  m i n o r  t o x i n  c o - c h r o m a t o g r a p h e d  
w i t h  s a x i t o x i n .  The s o l v e n t  s y s t e m s  u s e d  i n c l u d e d  t h e  f o u r  shown in  
F i g .  3 ,  s o l v e n t  s y s t e m  F, ( F i g .  1 0 ,  T a b l e  8 ) an d  nu m ero us  o t h e r  s o l ­
v e n t  s y s t e m s  t e s t e d  f o r  s u i t a b i l i t y  in t h e  T L C - f l u o r o m e t r i c  a s s a y .
The i d e n t i c a l  c o l o r  r e a c t i o n s  g i v e n  by s a x i t o x i n  an d  G.  t a m a r e n s i s  
m i n o r  t o x i n  ( T a b l e  14 )  f u r t h e r  s u p p o r t  t h i s  h y p o t h e s i s .  S e v e r a l  o f  
t h e s e  s p r a y  r e a g e n t s  a r e  v e r y  s p e c i f i c  f o r  c e r t a i n  t y p e s  o f  s u b s t i t u t e d  
g u a n i d i n e s  ( T a b l e  1 5 ) .  The H2 O2  f l u o r e s c e n t  d e r i v a t i v e s  o f  s a x i t o x i n  
and  G. t a m a r e n s i s  m i n o r  t o x i n  c o - c h r o m a t o g r a p h e d  i n  s o l v e n t  s y s t e m s  
B and E ( F i g .  1 2 )  a n d  had  i d e n t i c a l  e x c i t a t i o n  an d  f l u o r e s c e n c e  maxima 
( T a b l e  8 ) w i t h i n  t h e  l i m i t s  o f  e x p e r i m e n t a l  v a r i a t i o n .  T h e s e  r e s u l t s  
p r o v i d e  s t r o n g  b u t  no c o m p e l l i n g  e v i d e n c e  t h a t  t h e  p o i s o n  e l u t e d  f r om  
o u r  s o d iu m  A m b e r l i t e  IRC-50 c o l u m n s  w i t h  0 . 5  M a c e t i c  a c i d  (G_. t a m a r e n s  i s
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m i n o r  t o x i n )  i s  i d e n t i c a l  t o  s a x i t o x i n .  G h a z a r o s s i a n  et_ a l .  ( 5 2 )  
d re w a s i m i l a r  c o n c l u s i o n  f r o m  a s t u d y  o f  t h e  p o i s o n  i n  t e n  y e a r  o l d  
e x t r a c t s  o f  t h e  h e p a t o p a n c r e a s  o f  s c a l l o p s  e x p o s e d  t o  a " r e d  t i d e "  
o f  G_. t a m a r e n s i s . P h y s i o l o g i c a l  s t u d i e s  by E vans  ( 5 6 ,  7) c o n f i r m  t h i s  
c o n c l u s i o n  s i n c e  h e  h a s  r e p o r t e d  f i n d i n g  no d i f f e r e n c e s  i n  t h e  a c t i o n  
o f  s a x i t o x i n  o r  G. t a m a r e n s i s  m i n o r  t o x i n  i n  a v a r i e t y  o f  n e r v e  and 
m u s e l e  p r e p a r a t  i o n s .
The e t h a n o l  e x t r a c t i o n  an d  B i o - G e l  c o lu m n s  d e s c r i b e d  ( 7 1 )  
p r o v i d e d  t h e  f i r s t  s u c c e s s f u l  p r o c e d u r e  f o r  t h e  s e p a r a t i o n  o f  t h e  
a c t i v e  c o m p o n e n t s  p r e s e n t  i n  t h e  m a j o r  t o x i c  f r a c t  i o n  f rom t h e  b u l k  
o f  i n e r t  m a t e r i a l .  Our  TLC s t u d i e s  o f  G. t a m a r e n s i s  m a j o r  an d  m i n o r  
t o x i n s  ( 7 1 )  p r o v i d e d  t h e  f i r s t  d e c i s i v e  e v i d e n c e  t h a t  s h e l l f i s h  e x ­
p o s ed  t o  G_. t a m a r e n s i s  c o n t a i n  a m i x t u r e  o f  a t  l e a s t  tw o p o i s o n s .
The p h y s i o l o g i c a l  s t u d i e s  o f  E vans  ( 5 6 ,  7)  r e v e a l e d  o n l y  s u b t l e  d i f ­
f e r e n c e s  b e t w e e n  s a x i t o x i n  ( o r  m i n o r  t o x i n )  and  m a j o r  t o x i n  i n  t h e i r  
e f f e c t s  on t e s t  p h y s i o l o g i c a l  p r e p a r a t i o n s .  T h e s e  s m a l l  d i f f e r e n c e s  
may n o t  be s i g n i f i c a n t ,  h o w e v e r ,  s i n c e  t h e  p r e p a r a t i o n  o f  m a j o r  t o x i n  
u s e d  was a t  b e s t  o n l y  1 0 % p u r e .  The d i f f e r e n t i a l  a b s o r p t i o n  o f  p o i s o n  
t o  t h e  s o d i u m  A m b e r l i t e  c o lu m n  m i g h t  p o s s i b l y  be  e x p l a i n e d  by i n t e r ­
a c t i o n  o f  t h e  p o i s o n  w i t h  o t h e r  m o l e c u l e s ,  s u c h  a s  b i n d i n g  w i t h  p r o ­
t e i n s .  How e ver ,  TLC o f  G_. t a m a r e n s i s  m a j o r  an d  m i n o r  t o x i n s  ( F i g s .
4 and 1 0 ,  T a b l e  8 ) an d  t h e  d i f f e r e n t  c o l o r  r e a c t i o n s  g i v e n  by t h e s e  
t o x i n s  ( T a b l e  1 4 )  p r o v i d e  c o m p e l l i n g  e v i d e n c e  t h a t  t h e y  a r e  c h e m i c a l l y  
d i f f e r e n t .  A l t h o u g h  t h e  e x c i t a t i o n  and f l u o r e s c e n c e  maxima ( T a b l e  8 ) 
o f  t h e  d e r i v a t i v e s  o f  m a j o r  an d  m i n o r  t o x i n  a r e  s i m i l a r ;  t h e  Rp
v a l u e s  o f  t h e s e  d e r i v a t i v e s  a r e  m a r k e d l y  d i f f e r e n t  ( F i g .  1 2 ,  T a b l e  8 ) .
T h e s e  TLC s t u d i e s  showed f u r t h e r  t h a t  m a j o r  t o x i n  p r e p a r e d
by t h e  p r o c e d u r e  d e s c r i b e d  c o n t a i n s  a m i x t u r e  o f  tw o  t o x i c  c o m p o n e n t s .  
T h e s e  two c o m p o n e n t s ,  c a l l e d  m a j o r  t o x i n  H an d  m a j o r  t o x i n  L,  a p p e a r  
t o  be c h e m i c a l l y  v e r y  s i m i l a r .  The f a c t  t h a t  t h e s e  two compounds  w e re  
c a r r i e d  t h r o u g h  s e v e r a l  c h r o m a t o g r a p h i c  s t e p s  w i t h o u t  s e p a r a t i o n  i s  a 
s t r o n g  i n d i c a t i o n  o f  t h e i r  s i m i l a r i t y .  M a jo r  t o x i n  H an d  L g a v e  s i m i ­
l a r  c o l o r  r e a c t i o n s  w i t h  a i l  t h e  s p r a y  r e a g e n t s  t e s t e d  an d  t h e  
f l u o r e s c e n t  d e r i v a t i v e s  o f  b o t h  t o x i n s  had  i d e n t i c a l  e x c i t a t i o n  and 
f l u o r e s c e n c e  maxima a n d  had i d e n t i c a l  Rp v a l u e s  i n  s o l v e n t  s y s t e m  E 
( F i g .  1 2 ,  T a b l e  8 ) .  F u r t h e r m o r e ,  m a j o r  t o x i n  L i s  c o n v e r t e d  t o  m a j o r  
t o x i n  H o r  a s u b s t a n c e  e o ~ c h r o m a t o g r a p h i n g  w i t h  m a j o r  t o x i n  H u n d e r  a 
v a r i e t y  o f  m i l d  c o n d i t i o n s  ( F i g .  1 6 ) .  T h e r e  i s  no i n d i c a t i o n  t h a t  
t h i s  c o n v e r s i o n  i s  r e v e r s i b l e ,  a l t h o u g h  t h i s  p o s s i b i l i t y  c a n n o t  be r u l e d  
o u t .  T h e r e  i s  a l s o  some e v i d e n c e  t h a t  s u g g e s t s  t h a t :  b o t h  m a j o r  t o x i n s  
may b r e a k  down t o  g i v e  STX ( F i g .  1 6 ) ,  f u r t h e r  i n d i c a t i n g  t h e i r  s t r u c -  
t  u r a  1  s i  in i l a  r  i t y .
One o f  t h e  main  g o a l s  o f  o u r  r e s e a r c h  h a s  b e e n  t o  d e v e l o p  a 
r a p i d ,  s i m p l e  method f o r  t h e  d e t e c t i o n  an d  q u a n t i t a t i o n  o f  PSP i n  
c r u d e  c l a m  e x t r a c t s  an d  s a m p l e s  g e n e r a t e d  d u r i n g  t h e  i s o l a t i o n  o f  
t h e s e  co m pounds .  U s in g  t h e  mouse t e s t  t o  e v a l u a t e  t h e  h u n d r e d s  o f  
f r a c t i o n s  c o l l e c t e d  d u r i n g  j u s t  one  co lum n  c h r o m a t o g r a p h i c  ru n  i s  an 
e x p e n s i v e  and  t i m e  c o n s u m in g  p r o c e s s .  A l s o ,  t h e  mouse t e s t  i s  r e l a ­
t i v e l y  n o n - s p e c i f i c  a n d  g i v e s  no i n d i c a t i o n  w h i c h  o f  t h e  G_. t a m a r e n s i s
t o x i n s  i s  p r e s e n t .  The J a f f ' e  t e s t  ( 1 9 )  was t r i e d  i n  a n  a t t e m p t  t o
e v a l u a t e  f r a c t i o n s  f rom t h e  B i o - G e l  c o l u m n ,  b u t  no c o r r e l a t i o n  was 
o b s e r v e d  b e t w e e n  t o x i c i t y  a s  d e t e r m i n e d  by t h e  J a f f e  a n d  mouse t e s t s .
S i n c e  we w e re  a b l e  t o  g e t  r e a s o n a b l y  good  s e p a r a t i o n  o f  t h e
G_. t a m a r e n s i s  p o i s o n s  on TLC, s e v e r a l  s p r a y  r e a g e n t s  w e re  s c r e e n e d  f o r
one s p e c i f i c  and  s e n s i t i v e  e n o u g h  t o  d e t e c t  t h e  p o i s o n s  i n  u n c o n c e n t r a t e d
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co lu m n  e l u a t e ,  None o f  t h e  TLC s p r a y  r e a g e n t s  p r e v i o u s l y  d e s c r i b e d  
f o r  s a x i t o x i n  w e re  s u f f i c i e n t l y  s e n s i t i v e .  A t t e m p t s  t o  make f l u o r ­
e s c e n t  d e r i v a t i v e s  o f  t h e  p o i s o n s  by r e a c t i o n  w i t h  NBD c h l o r i d e  (7 2 )  
w e re  u n s u c c e s s f u l .  R e a c t i o n  o f  t h e  p o i s o n s  on TLC p l a t e s  w i t h  NBD 
c h l o r i d e  a c c o r d i n g  t o  t h e  method  o f  R e i s c h  ejt a l .  ( 6 4 )  f o r  s u l p h o n a -  
m i d e s  p r o d u c e d  c o l o r e d  s p o t s  b u t  t h i s  t e c h n i q u e  was n o t  s u f f i c i e n t l y  
s e n s i t i v e  o r  s p e c i f i c .  Dansy' l  d e r i v a t i v e s  o f  t h e  p o i s o n s  we re  a l s o  
p r o d u c e d  ( 7 3 )  b u t  a g a i n  t h i s  r e a c t i o n  was n o t  s p e c i f i c  f o r  t h e  p o i s o n s .
Wong e t  a l .  ( 5 4 )  r e p o r t e d  t h e  s t r u c t u r e  o f  a d e r i v a t i v e  o f  
s a x i t o x i n  p r o d u c e d  by o x i d a t i o n  o f  s a x i t o x i n  w i t h  0 . 8% h y d r o g e n  p e r ­
o x i d e  in  s o l u t i o n  at: 25°C .  T h e r e  was some i n d i c a t i o n  t h a t  t h e  d e r i v ­
a t i v e ,  a p y r i i n i d o  ( 2 ,  l ~ b ) ~ p u r i n e  ( F i g .  1 ,  s t r u c t u r e  5 )  was f l u o r e s c e n t .  
We s u c c e e d e d  i n  p r o d u c i n g  f l u o r e s c e n t  d e r i v a t i v e s  o f  s a x i t o x i n  and  t h e  
l a m a r ‘^n s f s  p o i s o n s  on TLC p l a t e s  by s p r a y i n g  t h e  p l a t e s  w i t h  1% hy­
d r o g e n  p e r o x i d e .  The r e a c t i o n  p r o c e e d e d  v e r y  s l o w l y  a t  room t e m p e r a ­
t u r e ,  but: i t  was fo u n d  t h a t  h e a t i n g  t h e  p l a t e s  i m m e d i a t e l y  a f t e r  s p r a y ­
i n g  g r e a t l y  a c c e l e r a t e d  t h e  p r o d u c t i o n  o f  t h e  f l u o r e s c e n t  s p o t s .  The 
H^0 o s p r a y  p r o v e d  t o  be a v e r y  s e n s i t i v e  an d  s p e c i f i c  TLC s p r a y  r e a g e n t  
f o r  t h e  d e t e c t i o n  o f  PSP. U s i n g  t h i s  t e c h n i q u e ,  a s  l i t t l e  a s  0 . 1  n 
m o l e s  o f  s a x i t o x i n ,  o r  a b o u t  0 . 2  MU a r e  e a s i l y  v i s i b l e  on a TLC p l a t e  
u n d e r  l o n g  wave UV l i g h t .  A c t i v e  f r a c t i o n s  f rom a co lu m n  c a n  be l o c a t e d  
s i m p l y  by s p o t t i n g  4 u l  a l i q u o t s  o f  e a c h  f r a c t i o n  t o  a TLC p l a t e ,  
s p r a y i n g  t h e  p l a t e  w i t h  1 % h y d r o g e n  p e r o x i d e ,  h e a t i n g  t h e  p l a t e  and 
o b s e r v i n g  t h e  p l a t e  u n d e r  UV l i g h t .  F r a c t i o n s  w h i c h  show a c t i v i t y  
i n  t h e  mouse t e s t  g i v e  l i g h t  b l u e  f l u o r e s c e n t  s p o t s .  I n a c t i v e  f r a c ­
t i o n s  show no f l u o r e s c e n c e .  S i n c e  no d e v e l o p m e n t  o f  t h e  p l a t e s  i s  
n e c e s s a r y  t o  d e t e r m i n e  w h ic h  f r a c t i o n s  a r e  f l u o r e s c e n t  h u n d r e d s  o f  
f r a c t i o n s  c a n  be s c r e e n e d  on o n e  p l a t e  i n  a f r a c t i o n  o f  t h e  t i m e  r e -
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q u i r e d  t o  e v a l u a t e  t h e  i n d i v i d u a l  f r a c t i o n s  w i t h  t h e  mouse t e s t .
A t t e m p t s  t o  q u a n t i t a t e  t h e  i n d i v i d u a l  p a r a l y t i c  s h e l l f i s h  
p o i s o n s  w e re  r e a d i l y  s u c c e s s f u l  o n ce  a s o l v e n t  s y s t e m  c a p a b l e  o f  g i v i n g  
g o o d  s e p a r a t i o n  o f  m a j o r  t o x i n  H, a n d  m a j o r  t o x i n  L an d  s a x i t o x i n  was 
f o u n d .  U s in g  s o l v e n t  s y s t e m  F, and t h e  s t a n d a r d  p r o c e d u r e  d e s c r i b e d  
a b o v e ,  a s  l i t t l e  a s  40 ng o f  t h e  p o i s o n s  c a n  be q u a n t i t a t e d .  The 
s e n s i t i v i t y  o f  t h e  a s s a y  c a n  be  e x t e n d e d  by i n c r e a s i n g  t h e  s e n s i t i v i t y  
o f  t h e  f l u o r o i n e t e r  ( t o  3 0 x )  o r  by r e p l a c i n g  t h e  47 B s e c o n d a r y  f i l t e r  
i n  t h e  f l u o r o m e t e r  w i t h  a 2A f i l t e r ;  h o w e v e r ,  b o t h  o f  t h e s e  c h a n g e s  
g i v e  a more  i r r e g u l a r  b a c k g r o u n d  t r a c e .  P o s s i b l y  by s c a n n i n g  p e r p e n  
d i e u l a r  t o  t h e  d i r e c t i o n  o f  t h e  s p o t  m i g r a t i o n  a r e a s o n a b l e  b a s e  l i n e  
c a n  be e s t a b l i s h e d  an d  t h e  s e n s i t i v i t y  o f  t h e  i_n s i t u  T L C - f l u o r o m e t r i e  
a s s a y  m i g h t  be i n c r e a s e d  by a f a c t o r  o f  a b o u t  t h r e e .
The c h e m i c a l  a s s a y  f o r  s a x i t o x i n  r e c e n t l y  d e s c r i b e d  by B a t e s  and 
R a p o p o r t  ( 2 2 )  a l s o  i n v o l v e s  r e a c t  i o n  o f  the; p o i s o n  w i t h  H9 U2 . Ho we ver ,  
t h e y  c a r r i e d  o u t  t h e  r e a c t i o n  i n  s o l u t i o n  w i t h o u t  h e a t i n g .  W he th e r  o r  
n o t  t h e  same f l u o r e s c e n t  d e r i v a t i v e s  a r e  i n v o l v e d  i s  s t i l l  o p en  t o  
q u e s t i o n ,  a l t h o u g h  t h e  e x c i t a t i o n  and f l u o r e s c e n c e  maxima r e p o r t e d  a r e  
s i m i l a r  t o  t h e  v a l u e s  o b t a i n e d  h e r e  ( T a b l e  8 ) .  T h e i r  a s s a y  was s u c c e s s ­
f u l l y  a p p l i e d  t o  a num ber  o f  s a m p l e s  o f  s h e l l f i s h  c o l l e c t e d  on t h e  
P a c i f i c  c o a s t  w h i c h  p r e s u m a b l y  c o n t a i n e d  o n l y  s a x i t o x i n ,  a c q u i r e d  f rom 
f e e d i n g  on G_. c a t  e n d  l a  . The a p p l i c a b i l i t y  and s u i t a b i l i t y  o f  t h i s  
a s s a y  t o  s h e l l f i s h  e x p o s e d  t o  G. t a m a r e n s i s  on t h e  A t l a n t i c  c o a s t ,  
w h ic h  a p p a r e n t l y  c o n t a i n  a t  l e a s t  two t o x i n s  i n  a d d i t i o n  t o  s a x i t o x i n ,  
i s  u n c e r t a i n .  The B io -R ex  7 0 ,  a weak c a t i o n  e x c h a n g e  r e s i n ,  u s e d  in  
t h e  p r e l i m i n a r y  c l e a n - u p  o f  t h e  s a m p l e  by B a t e s  an d  R a p o p o r t  ( 2 2 )  
wou ld  p r o b a b l y  n o t  b i n d  t h e  m a j o r i t y  o f  t h e  G_. t a m a r e n s i s  p o i s o n .  
F u r t h e r m o r e ,  s i n c e  t h e s e  s h e l l f i s h  c o n t a i n  a m i x t u r e  o f  p o i s o n s ,  q u a n ­
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t i t a t i o n  by t h e  m e th o d  d e s c r i b e d  w i t h o u t  p r i o r  s e p a r a t i o n  o f  t h e  i n ­
d i v i d u a l  p o i s o n s  w ou ld  be d i f f i c u l t .  The l e n g t h y  p r o c e d u r e  r e q u i r e d  
f o r  t h e  p r e l i m i n a r y  c l e a n  up  o f  t h e  s a m p l e s  makes i t  d o u b t f u l  w h e t h e r  
t h i s  p r o c e d u r e  w i l l  g a i n  w ide  u s e .
The iui s i t u  T L C - f l u o r o m e t r i c  a s s a y  we d e s c r i b e d  h a s  g r e a t  po­
t e n t i a l  a s  a. r e s e a r c h  t o o l  f o r  t h e  s t u d y  o f  PSP. D e v e lo p m e n t  o f  t h i s  
a s s a y  g r e a t l y  f a c i l i t a t e d  t h e  i s o l a t i o n  o f  t h e  G. t a m a r e n s i s  p o i s o n s .  
W i t h o u t  t h i s  t e c h n i q u e ,  i t  p r o b a b l y  w ou ld  n o t  h a v e  b een  p o s s i b l e  t o  
s e p a r a t e  m a j o r  t o x i n  H f rom  m a j o r  t o x i n  L.  S i n c e  t h e  i n  s i . t u  TLC- 
f l u o r o m e t r i c  a s s a y  a l l o w s  q u a n t i t a t i o n  o f  e a c h  o f  t h e  G. t a m a r e n s i s  
p o i s o n s  i n d i v i d u a l l y ,  i t  c a n  be  u s e d  t o  a n s w e r  some i m p o r t a n t  q u e s t i o n s
c o n c e r n i n g  r e l a t i o n s h i p s  b e t w e e n  t h e  p o i s o n s .  F o r  e x a m p l e :  Are  a l l
t h r e e  o f  t h e  p o i s o n s  p r o d u c e d  by G. t a m a r e n s  i s  ? ;  I s  one  o f  t h e  p o i s o n s  
a p r e c u r s o r  o f  t h e  o t h e r s ? ;  I s  t h e r e  a c t u a l l y  some c o n v e r s i o n  upon 
a g i n g  o f  a w e a k l y  b a s i c  o r  n e u t r a l  s u b s t a n c e  t o  s a x i t o x i n ?  I n  a d d i t i o n  
t o  i t s  g r e a t  u t i l i t y  a s  a r e s e a r c h  t o o l ,  t h e  _in s i t u  T L C - f l u o r o m e t r i c  
a s s a y  may p r o v e  u s e f u l  i n  t h e  r o u t i n e  s c r e e n i n g  o f  s h e l l f i s h  i f  a 
s i m p l e  me thod  f o r  p r e l i m i n a r y  c l e a n  up o f  t h e  e x t r a c t s  c a n  be d e v e l o p e d .
The 1972 an d  1974 o u t b r e a k s  o f  PSP c a n  no l o n g e r  be r e g a r d e d  a s
i s o l a t e d  i n c i d e n t s .  R e s i d u a l  c o n c e n t r a t i o n s  o f  t h e s e  p o i s o n s  p e r s i s t  
f o r  l o n g  p e r i o d s  i n  t h e  m a r i n e  e n v i r o n m e n t  and  g i v e n  t h e  p r o p e r  s e t  o f  
c o n d i t i o n s ,  t h e  c a u s a t i v e  o r g a n i s m ,  G. t a m a r e n s i s  c o u l d  a g a i n  r e a c h
t o x i c  c o n c e n t r a t i o n s .  I n  f a c t ,  t h e  p o s s i b i l i t y  would  seem t o  be e v e n
g r e a t e r  due t o  t h e  l a r g e  s e e d  p o p u l a t i o n  l e f t  b e h i n d  by p r e v i o u s  " r e d  
t i d e s " .  Along  w i t h  t e t r o d o t o x i n  a n d  s a x i t o x i n ,  t h e  G_. t a m a r e n s i s  
p o i s o n s  a r e  among t h e  m os t  t o x i c  s u b s t a n c e s  known.  I t  h a s  b e e n  e s t i ­
m a ted  t h a t  c o n s u m p t i o n  o f  f e w e r  t h a n  s i x  c l a m s  d u r i n g  t h e  1972 o u t ­
b r e a k  would  h av e  b e e n  s u f f i c i e n t  t o  c a u s e  d e a t h .  The a v a i l a b i l i t y
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o f  p u r i f i e d  t a m a r e n s i s  p o i s o n s  s h o u l d  a i d  i n  o u r  u n d e r s t a n d i n g  o f  
PSP.  Knowledge  o f  t h e  p r o p e r t i e s  o f  t h e s e  p o i s o n s  may p r o v i d e  i n f o r ­
m a t i o n  f o r  t h e  p r e p a r a t i o n  o f  m a r g i n a l l y  t o x i c  s h e l l f i s h  f o r  consum p­
t i o n .
The p o i s o n s  p r o d u c e d  by G_. t a m a r e n s i s  a r e  o f  c o n s i d e r a b l e  b i o ­
m e d i c a l  i n t e r e s t .  I n  a d d i t i o n  t o  t h e i r  p o t e n t i a l  a s  m ode l  compounds  
f o r  new d r u g s , t h e y  may s e r v e  a s  p o w e r f u l  t o o l s  f o r  u s e  i n  r e s e a r c h  
i n t o  membrane p h y s i o l o g y  an d  t h e  c e n t r a l  an d  p e r i p h e r a l  n e r v o u s  s y s t e m s .  
I n f o r m a t i o n  a b o u t  t h e  s t r u c t u r e  o f  G. t a m a r e n s i s  p o i s o n s  w i l l  a i d  i n  
d e t e r m i n i n g  s t r u c t u r e - f u n c t i o n  r e l a t i o n s h i p s  i n  t h e  g r o u p  o f  m a r i n e  
b i o t o x i n s  i n c l u d i n g  s a x i t o x i n  a n d  t e t r o d o t o x i n .  T e t r o d o t o x i n , s a x i ­
t o x i n  an d  t h e  G . t a m a r e n s i s  p o i s o n s  a f f e c t  t h e  p r o c e s s  w h e reb y  t h e  
n e r v e  membrane u n d e r g o e s  a n  i n c r e a s e d  p e r m e a b i l i t y  t o  s o d iu m  i o n s  
upon  s t i m u l a t i o n ,  t h e r e b y  b l o c k i n g  n e r v o u s  c o n d u c t i o n  ( 7 4 ,  7 5 ) .  When 
t h e  s t r u c t u r e s  o f  t h e  G_. t a m a r e n s i s  p o i s o n s  a r e  c o m p l e t e l y  i d e n t i f i e d ,  
common f e a t u r e s  i n  t h e  s t r u c t u r e  o f  t h e s e  f o u r  t o x i n s  may g i v e  i n f o r ­
m a t i o n  on  t h e  s t r u c t u r e  o f  t h e  r e c e p t o r  an d  s o d i u m  c h a n n e l .  I t  may 
a l s o  p r o v i d e  i n f o r m a t i o n  a b o u t  t h e i r  m e t a b o l i s m  ( 7 6 )  an d  f u n c t i o n  
w i t h i n  t h e  p r o d u c i n g  o r g a n i s m s ,  b o t h  o f  w h ic h  a r e  p r e s e n t l y  unknown.
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SUMMARY
T h r e e  t o x i n s  h a v e  b e e n  p u r i f i e d  from c l a m s  ( Mya a r e n a r i a ) t h a t  
had become t o x i c  d u r i n g  t h e  1972 G_. t a m a r e n s i s  r e d  t i d e  i n  t h e  c e n t r a l  
New E n g l a n d  c o a s t a l  w a t e r s .  A l l  t h r e e  a r e  p o t e n t  n e u r o t o x i n s  and  
p r o d u c e  e f f e c t s  i d e n t i c a l  t o  s a x i t o x i n  when i n j e c t e d  i n t o  m ice  o r  
k i l l i f i s h  ( F u n d u l u s  h e t e r o c l i t u s ) . The m a j o r i t y  o f  t h e  p o i s o n  p r e ­
s e n t  i n  t h e  e x t r a c t s  was a p p a r e n t l y  l e s s  b a s i c  t h a n  s a x i t o x i n  s i n c e  
i t  was n o t  f i r m l y  bound t o  t h e  weak c a t i o n  e x c h a n g e  r e s i n s  u s e d  i n  
t h e  i n i t i a l  s t e p  o f  t h e  p u r i f i c a t i o n  p r o c e d u r e .
The a c t i v e  co m p o n e n t  p r e s e n t  i n  t h e  f i r m l y  bound f r a c t i o n ,  
m i n o r  t o x i n  h a s  b e e n  p u r i f i e d  t o  a p o t e n c y  o f  2 , 8 0 0  Mu p e r  mg and 
i d e n t i f i e d  a s  s a x i t o x i n .  T h i s  i d e n t i f i c a t i o n  was b a s e d  on t h e  
f o l l o w i n g  d a t a :  1 ) b e h a v i o r  on  weak c a t i o n  e x c h a n g e  r e s i n  c o l u m n s ;
2 )  TLC o f  m i n o r  t o x i n  an d  a u t h e n t i c  s a x i t o x i n  i n  num ero us  s o l v e n t  
s y s t e m s ;  3)  c o l o r  r e a c t i o n s  g i v e n  by m i n o r  t o x i n  and a u t h e n t i c  s a x i ­
t o x i n  w i t h  s e v e r a l  s p e c i f i c  s p r a y  r e a g e n t s ;  4)  TLC o f  t h e  h y d r o g e n  
p e r o x i d e - f l u o r e s c e n t  d e r i v a t i v e s  o f  m i n o r  t o x i n  an d  a u t h e n t i c  s a x i t o x i n ;  
5)  t h e  s p e c t r a l  p r o p e r t i e s  o f  m i n o r  t o x i n  an d  a u t h e n t i c  s a x i t o x i n  an d  
t h e i r  f l u o r e s c e n t  d e r i v a t i v e s  a n d  6 ) t h e  e f f e c t s  o f  m i n o r  t o x i n  and 
a u t h e n t i c  s a x i t o x i n  on t e s t  o r g a n i s m s .
Two a d d i t i o n a l  t o x i c  c o m p o n e n t s ,  m a j o r  t o x i n  H an d  m a j o r  t o x i n  
L,  h a v e  b e e n  i s o l a t e d  f r o m  t h e  w e a k l y  bound f r a c t i o n  ( m a j o r  t o x i c  f r a c ­
t i o n ) .  The a c t i v e  c o m p o n e n t s  w e r e  s e p a r a t e d  f rom t h e  b u l k  o f  i n e r t  
m a t e r i a l  by a s e r i e s  o f  e x t r a c t i o n s  i n t o  c o l d  e t h a n o l  f o l l o w e d  by 
p a s s a g e  t h r o u g h  a B i o - G e l  P-2  c o l u m n .
A new i n  s i t u  T L C - f l u o r o m e t r i c  a s s a y  h a s  b ee n  d e v e l o p e d  t h a t
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p r o v i d e s  a means  o f  d i s t i n g u i s h i n g  b e t w e e n  m a j o r  t o x i n  H,  m a j o r  t o x i n  
L an d  s a x i t o x i n  ( m i n o r  t o x i n ) ,  q u a n t i t a t i n g  e a c h  t o x i n  i n d i v i d u a l l y ,  
an d  e s t i m a t i n g  t h e i r  co m b in ed  p o t e n c y .  T h i s  a s s a y  i n v o l v e s  TLC o f  t h e  
s a m p l e s  a l o n g  w i t h  t h e  a p p r o p r i a t e  s t a n d a r d s  on s i l i c a  g e l  p l a t e s ,  
f o l l o w e d  by r e a c t i o n  o f  t h e  p o i s o n s  on t h e  p l a t e  w i t h  1% h y d r o g e n  
p e r o x i d e  a t  1 0 0 ° C . The p l a t e s  a r e  t h e n  s c a n n e d  w i t h  a f l u o r o m e t e r .
A l i n e a r  r e l a t i o n s h i p  b e t w e e n  p e a k  h e i g h t  and t h e  am ount  o f  p o i s o n  
s p o t t e d  l ias  b e e n  o b s e r v e d  f o r  a l l  t h r e e  p a r a l y t i c  s h e l l f i s h  p o i s o n s  
o v e r  t h e  r a n g e  o f  40 t o  400 ng p o i s o n  p e r  s p o t .  As l i t t l e  a s  40 ng 
( 0 . 2  MU, 0 . 1  nm) o f  s a x i t o x i n  c a n  be q u a n t i t a t e d .  A s i m p l i f i e d  p r o ­
c e d u r e  i n v o l v i n g  a p p l i c a t i o n  o f  4 u l  o f  s a m p l e  i n  ro w s  1 cm a p a r t  t o  
a p o r t i o n  o f  a s i l i c a  g e l  p l a t e  and  r e a c t i o n  w i t h  h y d r o g e n  p e r o x i d e  
w i t h o u t  d e v e l o p m e n t  i n  a n y  s o l v e n t  s y s t e m  h a s  b ee n  u s e d  t o  l o c a t e  
a c t i v e  f r a c t i o n s  e l u t e d  from t h e  B i o - G e l  c o l u m n s .
S e p a r a t i o n  o f  m a j o r  t o x i n  H f rom  m a j o r  t o x i n  L by r e p e a t e d  
p a s s e s  t h r o u g h  a B i o - G e l  c o lu m n  was g r e a t l y  f a c i l i t a t e d  by t h e  d e v e l ­
opment  o f  t h e  T L C - f l u o r o m e t r i c  a s s a y .  M a j o r  t o x i n  11 was p u r i f i e d  t o  a 
maximum p o t e n c y  o f  1 , 8 0 0  MU p e r  mg; w h i l e  m a j o r  t o x i n  L was p u r i f i e d  
t o  a p o t e n c y  o f  4 , 2 0 0  MU p e r  mg. P r e p a r a t i o n s  o f  b o t h  t o x i n s  w e re  
shown t o  be  c h r o m a t o g r a p h i c a l L y  p u r e  by TLC i n  s e v e r a l  s o l v e n t  
s y s t e m s .
The d a t a  s u g g e s t s  t h a t  m a j o r  t o x i n  H an d  m a j o r  t o x i n  L a r e  
c h e m i c a l l y  s i m i l a r  an d  t h a t  t h e y  a r e  a l s o  p r o b a b l y  r e l a t e d  t o  s a x i t o x i n .  
The s i m i l a r i t y  o f  m a j o r  t o x i n s  H a n d  L h a s  b e e n  d e m o n s t r a t e d  by TLC o f  
t h e i r  h y d r o g e n  p e r o x i d e - f l u o r e s c e n t  d e r i v a t i v e s ,  t h e  s p e c t r a l  p r o p e r ­
t i e s  o f  t h e s e  d e r i v a t i v e s  an d  t h e  p H - t e m p e r a t u r e  s t a b i l i t y  s t u d i e s  
w he re  m a j o r  t o x i n  L a p p e a r e d  t o  u n d e r g o  a p a r t i a l  c o n v e r s i o n  t o  m a j o r  
t o x i n  H. The s i m i l a r i t y  b e t w e e n  b o t h  m a j o r  t o x i n s  H an d  L and  s a x i -
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to x in  has been dem onstrated by th e  apparen t convers ions  o f  th e  major 
to x in s  to  s a x i to x in ,  t h e i r  s im i l a r  p h y s io lo g ic a l  a c t io n  and th e  
s im i l a r  f lu o rescen ce  p ro p e r t ie s  o f  t h e i r  d e r iv a t iv e s .
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